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EXECUTIVE SUMMARY

Long-term monitoring of the Sediment and Surface Water Operable Unit of Soldier Creek at
Tinker Air Force Base is conducted in response to the signed Record of Decision (ROD),
dated September, 1993. The focus of the monitoring program is to evaluate sediment and
surface water contamination at the Soldier Creck Sediment and Surface Water Operable
Unit from the headwaters of East and West Soldier Creeks to Interstate Highway 40.

This report summarizes findings from the fourth year of long-term monitoring. The first
year of monitoring is presented in the Final Quarterly Monitoring Annual Report (WCFS,
1997a). The second year of monitoring 1s presented in the Draft Second Year Quarterly
Monitoring Report (WCFS, 1997b). The third year of monitoring is presented in the Draft
Third Year Long-Term Monitoring Report (WCFS, 1998a). The fourth year of long-term
monitoring occurred in January and July 1998. During the fourth year of monitoring, a total
of 63 sediment and 30 surface water samples were collected from East and West Soldier
Creeks and a sample location on Tributary B. Surface water samples were collected prior to
sediment sampling. Sediment samples were collected at three intervals, from 0-6 inches, 6-
12 inches and 3-5 feet below ground surface (bgs). When refusal of the sampling device
occurred prior to 5 feet bgs, a sediment sample was typically collected from the bottom one
foot interval of the boring.

Samples were analyzed for volatile organics, semi-volatile organics, metals, polychlorinated
biphenyl’s (PCBs), and pesticides. Surface water samples were also analyzed for the
following wet chemistry parameters: alkalinity, chemical oxygen demand, hardness, total
dissolved solids, total organic carbon, total suspended solids, chloride, and sulfate.
Dissolved metals analysis was performed on surface water samples during the first event
fourth year (1Evnt4Yr) monitoring event. Hexavalent chromium analysis was performed on
sediment (0-6 inch bgs) and surface water samples during the 1Evnt4Yr monitoring event.
Surface water measurements performed in the field included temperature, pH, conductivity,
dissolved oxygen, and flow.

An evaluation of risks associated with Soldier Creek surface water and sediments was
previously performed by Black and Veatch (B&V) in the Baseline Health Risk Assessment
(BHRA) (B&V, 1993a). Human Health Risk Assessments I, II, & III (HHRA 1, 11, & III)
(WCFS, 1997a and b, WCFS 1998a) were performed for the first, second, and third years of
long-term monitoring, respectively. As part of this project, the Human Health Risk
Assessment IV (HHRA IV) was performed to provide updated information on potential
current and future risks based on current surface water and sediment contaminant levels,
compare the results with those of the previous HHRAs to see if the previous conclusions are
still valid, and develop updated cleanup goals that are protective of the human populations.

Screening criteria were based on exposure factors developed by the BHRA for human health
under the RI/FS, and the HHRA 1. Analyte concentrations detected in sediment and surface
water were screened against these screening criteria. Unacceptable exposures were
determined based on the following criteria:

WSOONER\PROJECT\151452.TT.MR - SOLDIER CREEKWYR FINAL\ANNLRPT3.D0C
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e Contaminant concentrations in sediment or surface water exceeding health levels based
on an excess lifetime cancer risk of 104

e (Contaminant concentrations in sediment or surface water with non-carcinogenic hazard
indices (HIs) greater than 1.0

Contaminant concentrations detected in the 10 to 10 range may potentially indicate an
unacceptable exposure level and were also evaluated.

Surface water analyte concentrations from the fourth year of monitoring did not exceed any
of the screening criteria set forth in the BHRA or HHRA I noncarcinogenic, 10+ or 107
screening criteria. During the 1E4Y event the HHRA 10 screening criteria for bis(2-
Ethylhexyl)phthalate) was exceeded in one segment (QE02) on East Soldier Creek during
1Evnt4Yr monitoring.

Sediment analyte concentrations from the fourth year of monitoring did not exceed the 10+
screening criteria set forth in the BHRA and the HHRA I. However, the HHRA 1
noncarcinogenic hazard screening criteria for aroclor 1254 was exceeded at one location in
segment QW03 on West Soldier Creek.

BHRA 10 screening criteria were exceeded by five semivolatile (SVOCs) classified as
polyaromatic hydrocarbons (PAHs). These include benzof{a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and chrysene. HHRA 110
screening criteria were exceeded by five PAHs benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene. HHRA 110
screening criteria were exceeded by benzo(a)pyrene and dibenz(a,h)anthracene in sediment
samples. Based on the ROD, exceedance of these 105 and 10 screening criteria may
potentially indicate a need to evaluate if the exposure is unacceptable.

The results of the risk characterization indicate that for all scenarios, potential cancer risks
are below or within the USEPA advisory range of 10-¢ to 10 and the USEPA
noncarcinogenic health hazard of 1.0. These results indicate that exposure to surface water
and sediments in West and East Soldier Creeks is not likely to result in an unacceptable
cancer risk or noncarcinogenic hazard for any on-base or off-base populations under current
or future stream use conditions.

The results of the current risk analysis were compared to the results from the three previous
HHRAs. It should be noted that the methodology used in the current risk analysis was
slightly different than the methodology used in the three previous HHRAs. The 1996
USEPA Region IV Supplemental Risk Guidance (USEPA 1996) was followed for this
assessment and the 1991 USEPA Region IV Guidance (USEPA 1991d) was followed for the
previous assessments. The largest difference between the current and the previous HHRAs
was the methodology used to select the COPCs, which resulted in different COPCs being
selected. Therefore, the risk assessments are not completely comparable. In general, no
dramatic changes between the first three WCFS HHRAs and the current (fourth year)
HHRA IV were identified. The differences in estimated noncarcinogenic hazards and
carcinogenic risks are due to changes in contaminant concentrations and the chemicals that
were detected in the sediment and surface water. These differences are expected because
the stream is a dynamic system affected by factors such as precipitation levels. Effluent
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outfall flow and concentrations also impact the dynamics of the stream system. Like heavy
precipitation, large volumes of effluent outfall may dilute concentrations in the stream
system. Therefore, it is possible for concentrations in the stream to rise despite the closure
of outfalls. The differences between the HHRA IV and the three previous HHRAs may also
be attributed to the use of a different method to select the COPCs for quantitative evaluation
in the HHRA. Despite slightly different methodologies, the calaculated risks still do not
pose an unacceptable threat to human health.

To date, none of the HHRAs indicated any unacceptable adverse noncarcinogenic health
effects or cancer risks associated with exposure to West or East Soldier Creeks for any on-
base or off-Base population under current or future stream use conditions. Consequently,
no remedial action is necessary based on risks to human health. As part of the HHRA,
health-protective cleanup goals were developed for each COPC. Although remediation is
not currently warranted based on risk to human health, the cleanup goals provide a set of
“action criteria” should remediation be required in the future.
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1. INTRODUCTION

1.1 Regulatory Basis

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980 and the Superfund Amendments and Reauthorization Act (SARA) of 1986
established the Defense Environmental Restoration Program (DERP) for the U.S.
Department of Defense (DoD) to clean up past hazardous waste disposal and spill sites
nationwide. In 1980, the United States Air Force (USAF) began implementing the DoD
Installation Restoration Program (IRP). The IRP is designed to identify and evaluate
suspected problems associated with past hazardous waste management practices, including
impacts on human health and the environment.

Two sites located within Tinker AFB, Building 3001 and Soldier Creek, were listed on the
CERCLA National Priority List (NPL) in 1987. Tinker AFB, EPA Region VI, and the
Oklahoma State Department of Health (OSDH) signed a Federal Facilities Agreement (FFA)
(Administrative Docket Number NPL-U3-2-27) under Section 120 CERCLA in December
1988. The intent of this agreement is to ensure that past and present activities of

Tinker AFBs NPL sites are thoroughly investigated and appropriately remediated to protect
the public health, welfare, and the environment.

Long-term Monitoring of the Sediment and Surface Water Operable Unit of Soldier Creek at
Tinker Air Force Base (Tinker AFB) was conducted in response to the signed Record of
Decision (ROD), dated September, 1993.

1.2 Investigation Scope and Objectives

The focus of this monitoring program is sediment and surface water contamination from the
Soldier Creek Sediment and Surface Water Operable Unit (OU) from the headwaters of East
and West Soldier Creeks to Interstate Highway 40 (I-40). The site description is discussed
further in Section 2.2. The Soldier Creek OU is located in the northeast portion of Tinker
AFB and was identified in the ROD as a potential threat to human health and the
environment. The objective of long-term monitoring is to evaluate analytical results of
sediment and surface water samples for exceedance of health based cleanup goals
developed during the Baseline Health Risk Assessment (BHRA) (B&V, 1993a), and reported
in the ROD (B&V, 1993b).

1.3 Report Organization

This report describes the results of the fourth year of long-term monitoring of the Soldier
Creek OU.

Section 1 is the introduction describing the regulatory basis of the study, and the objectives

and scope of the monitoring program.

WSOONER\PROJECT\151452.TT.MR - SOLDIER CREEKWYR FINAL\ANNLRPT3.DOC
11



FINAL FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
January 2000

Section 2 describes Tinker AFB and the project site. This section also summarizes site
history and previous investigations.

Section 3 describes sampling methods used during long-term monitoring of sediments and
surface water .

Section 4 contains a brief summary of the Human Health Risk Assessment IV presented in
Appendix A.

Section 5 contains a review and discussion of sampling results and analytical exceedances
of screening criteria.

Section 6 presents conclusions from the fourth year of long-term monitoring.

Section 7 presents the list of references cited.
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2. BACKGROUND

2.1 Installation Description and History

Tinker AFB is located in Oklahoma County in central Oklahoma approximately 8 miles
southeast of downtown Oklahoma City. The base is bounded by Sooner Road to the west,
Douglas Boulevard to the east, I-40 to the north, and Southeast 74th Street to the south. The
base is comprised of approximately 5,277 acres. Municipalities of the metro area which
adjoin Tinker AFB are Midwest City to the north, Del City to the northwest, and Oklahoma
City to the east, south, and southwest (Figure 2-1). Midwest City and Del City are heavily
populated with mixed residential and commercial areas. The area under Oklahoma City
jurisdiction is lightly developed residential.

To attract the war industries in the early 1940’s, Oklahoma City donated the land required
for the facility and offered necessary improvements at no cost to the War Department. The
Oklahoma Industries Foundation was established to bid for a military maintenance and
supply depot and to acquire the land for the site. Oklahoma City was considered a
favorable location for the depot for several reasons, including mild winters, flat terrain, and
strategic location near the geographic center of the United States. During this period,
Midwest City was formed as a new town to provide housing and community facilities for
the air depot. The original site, consisting of 960 acres, was selected by the Army on May 21,
1941, seven months before the United States officially entered World War II.

The name designations for the Oklahoma City Air Depot and Tinker Air Field have changed
several times over the life of the base, as the depot and air base were redesignated and
reorganized. Tinker AFB was officially known as Midwest Air Depot during its
construction, and then as the Oklahoma City Air Depot after it was activated. In January
1943, the name of the depot was officially changed to Oklahoma City Air Depot Control
Area Command. In May 1943, the name was changed to Oklahoma Air Technical Area
Service Command to reflect new responsibilities at the depot. The name changed again in
July 1946, to Oklahoma City Air Material Area. In 1974, the depot was redesignated
Oklahoma City Air Logistic Center to reflect the last change in function at the depot.

Pressure from local citizens was instrumental in the decision to name the air field at the
depot “Tinker Field”, honoring General Clarence L. Tinker. Tinker was an Osage Indian
who died in 1942 while leading a bomber strike against the Japanese at Wake Island.
Following the creation of the DoD and the Air Force as a separate military establishment,
Tinker Field became "Tinker Air Force Base" on January 13, 1948. Subsequently, the base
became the worldwide repair depot for B-36 and B-45 aircraft, as well as a multitude of
other weapons and engines.

The Oklahoma City Air Depot was partially operational in 1942. Tinker Air Field was built
adjacent to and concurrently with the depot. The Douglas Cargo Airplane Plant was built in
1942-1943 to manufacture specially modified DC-3s. The depot and aircraft plant shared
Tinker Air Field. After World War II, the Douglas Cargo Aircraft Plant was closed and the
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Air Depot took over the buildings and expanded the Base operations, to include facilities for
testing and overhauling jet engines. During this time, Tinker AFB became involved in jet

engine overhaul and, later, modification of aircraft from storage as part of a massive
program to rebuild the nation’s air power.

The Korean and the Cold War occurred during 1950-1959. As the decade began, the Tinker
work force was much smaller than in the World War IT days. The base was still a major
employer with 10,000 people and was the home of the largest Air Depot in the United
States.

TAFB was involved in many events that took place as the decade of the sixties unfolded.
Tinker was one of the most active bases in the Air Force during the Cuban missile crisis, as
aircraft used the installation as a stepping stone to and from the southeastern part of the
United States. Even before this, Tinker’s central location helped rank it fifth in takeoff and
landing activity among all non-training Air Force bases.

During the early 1970s, the F-4 phantom became an important specialized repair workload
at TAFB. On February 28, 1977, OC-ALC was named provisional manager of the ground
launched cruise missile.

An important development during the 1980s was the increased emphasis on environmental
management. In 1985, a separate Directorate of Environmental Management (EM) was
formed at Tinker. The new Directorate incorporated functions related to environmental
laws such as the Clear Air Act (CAA), Clean Water Act (CWA), Resource Conservation and
Recovery Act (RCRA), CERCLA as amended by SARA, and Toxic Substances Control Act
(TSCA).

As early as 1983, measures to remediate sites at Tinker AFB contaminated by past activities
were being undertaken under the Air Force IRP. As part of the overall IRP, Tinker AFB
began a preliminary assessment of previous waste disposal sites in 1981. As a result of a
basewide-sampling program in 1983, which detected trichloroethene (TCE) in the
groundwater, extensive investigations were conducted in and around Building 3001. Two
sites, Building 3001 and Soldier Creek were listed on the CERCLA NPL in 1987. In 1988,
Tinker AFB signed the FFA with EPA and the State of Oklahoma to remediate these sites. A
RCRA Facility Assessment (RFA) conducted in May 1989 identified 105 Solid Waste
Management Units (SWMUs) and nineteen Areas of Concern (AOCs).

The base was issued a RCRA Part B permit on July 1, 1991. The permit specified that a
RCRA Facility Investigation (RFI) be conducted for forty-three SWMUs and two AOCs. The
Directorate of Environmental Management has now grown to approximately eighty
personnel and works closely with the Bio-environmental Office and the Office of Safety.

In 1992, major organizational changes occurred in response to the end of the cold war and
the down sizing of the entire military structure. Of most importance to the OC-ALC is the
fact that on July 1, 1992, its parent command, Air Force Logistics Command (AFLC), was
merged with the Air Force Systems Command to form the Air Force Materiel Command
(AFMC). The new command comprises 52 percent of the Air Force budget. Eighteen
percent of all Air Force personnel and 42 percent of the civilian workforce are assigned to
the new command.
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2.2 Site Description and History

The Soldier Creek Sediment and Surface Water OU is composed of the two unnamed
tributaries to Soldier Creck that originate on Tinker AFB (Figure 2-2). The tributary east of
Building 3001 is designated East Soldier Creck and the tributary west of Building 3001 is
designated West Soldier Creek. The boundaries for the study were:

e All sediment and surface water of East Soldier Creek that originates on Tinker AFB to
the intersection of East Soldier Creek and 1-40 north of Tinker AFB

e All sediment and surface water of West Soldier Creek that originates on Tinker AFB to
the intersection of West Soldier Creek and I-40 north of Tinker AFB

These initial boundaries included the ditches leading from the thirteen outfalls, eight of
which are National Pollutant Discharge Elimination System (NPDES) outfalls, to East and
West Soldier Crecks. The boundaries also included the lower portion of Tributary B, as
defined in the Remedial Investigation/Feasibility Study (RI/FS) (B&V, 1993c¢), just upstream
of its confluence with East Soldier Creek.

Data from the RI indicated that a contaminant concentration gradient exists to a point just
south (upstream) of the study boundary. The study area boundary was established based
on the following criteria:

¢ Limits of measurable levels of contaminants (as compared to background locations)
e Area of such size that a definitive assessment could be performed
e Allowance for source identification

The study area boundary was determined by comparing the Phase I and Phase II Remedial
Investigation (RI) sampling results to one-tenth of the risk based clean-up levels established
in the baseline health risk assessment. Sediment and surface water of Soldier Creek with
greater than one-tenth the risk-based clean-up levels were included in the study boundary.

2.2.1 East Soldier Creek

East and West Soldier Creeks drain the northeastern portion of Tinker AFB. Both streams
are first-order (headwater) tributaries that have been substantially modified over the years
(Figure 2-2). East Soldier Creek now originates where several storm sewers, known as
Outfalls H, I, and ], emerge from the north side of 44th Street (north of Building 3705). The
emerged portion of East Soldier Creek flows northward about 500 feet and is joined by a
tributary from the west which is fed by process effluent and cooling water blow-down
(Outfall G). The combined flow continues about 630 feet northward along the east side of
Building 3001 to a culvert at Bradley Drive, near which two storm water ditches (Outfalls M
and L) enter from the west. This portion of the creek flows in a narrow channel through
dense woods. The substrate is mainly bedrock (sandstone), with occasional areas of gravel
and sand; virtually no fine-grained depositional sediment is present in this portion of East
Soldier Creek.
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After crossing under Bradley Drive, East Soldier Creek has a short stretch of flowing water
and then becomes an elongated pond, about 600 feet long by 75 feet wide and terminating at
adam. Approximately midway along the pond a tributary fed from process effluent and
storm water discharge (Outfall F) enters from the west. Except for the flowing stretch near
Bradley Drive, the entire ponded portion of East Soldier Creek is depositional, with
relatively thick organically rich silt and fine sand sediments.

Normal flows from the ponded portion of East Soldier Creek are diverted via underground
piping through a concrete detention basin (former oil/water separator). Downstream from
the dam the stream has a divided channel, the easternmost is fed by the culvert from the
detention basin, and the westernmost of which during normal flow is backwater and during
storm events is fed by the dam overflow. Between the dam and Douglas Boulevard, East
Soldier Creek bends eastward. This stretch is about 400 feet long, varying from about 20 to
40 feet in width with sand, silt and gravel substrate and moderate flows. The Industrial
Wastewater Treatment Plant (IWTP) and Sanitary Treatment Plant (STP) outfall to East
Soldier Creek is located about a third of the way between the dam and Douglas Boulevard.
The IWTP receives industrial process wastewater for treatment from the Building 3001, as
well as process wastewater from other industrial sources throughout the base, via a network
of underground piping. In April 1996, the IWTP/STP discharge was rerouted to the
Oklahoma City Public Owned Treatment Works, and discharge to East Soldier Creek
ceased. The IWTP is currently utilized for pretreatment of industrial waste. In case of
emergency, discharges to East Soldier Creek from the IWTP/STP may occur under NPDES
Permit OK1571724391.

Near where the stream exits Tinker under Douglas Boulevard, a large storm water
conveyance enters from the north. Beyond Douglas Boulevard, East Soldier Creek flow
east-northeastward about 800 feet and is joined by an intermittent tributary (Tributary B)
from the south. The stream then flows north-northeast about 1,200 feet to I-40. This off-base
stretch is in a deeply incised channel with steep clay banks, surrounded by commercial and
residential property near Douglas Boulevard and riparian woodlands beyond Tributary B.
Tributary B headwaters are located just upstream of S.E. 36th Street where it flows
northward to its confluence with East Soldier Creek north of S.E. 36th Street and east of
Douglas Boulevard. East Soldier Creek begins to assume a quasi-natural riffle-and-pool
configuration in this stretch, with natural substrates predominated by gravel, sand, and silt.
There are also substantial amounts of concrete rubble and other anthropogenic debris (e.g.,
discarded appliances, automobile parts, household trash) in this section of the stream.
Beyond 1-40, East Soldier Creek flows northward to its confluence with the mainstream of
Soldier Creek, which originates off-base near Southeast 59th Street, about 1.5 miles south-
southeast of the Building 3001 Complex.

Table 2-1 presents the buildings and associated outfalls which contribute discharge to East
Soldier Creek.

2.2.2 West Soldier Creek

West Soldier Creek starts between the Tinker North/South runway and Building 3001 in a
broad grassy swale (Figure 2-2). It flows northward about 3,500 feet and is fed by runoff
from the runways and the area west of Building 3001 and from several outfalls (Outfalls A,
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B, C, D, and E), which normally discharge very little to no water. Table 2-1 presents the
buildings and associated outfalls, which contribute discharge to West Soldier Creek.

The drainage continues to a point opposite the north end of Building 3001, enters a storm
sewer, and emerges off-base from under Industrial Road to flow parallel to and then cross
under [-40. A small tributary, which drains the north parking lot to Building 3001, and
undeveloped Tinker property, joins West Soldier Creek off base, midway between Industrial
Road and 1-40. The off-base reach of West Soldier Creek is moderately incised, with
substrates consisting of bedrock, gravel, sand, and substantial amounts of concrete rubble.
Riparian habitat consists of a narrow band of trees along most of the highway side, and
wooded slope on the base side. This reach is approximately 500 feet long and is divided by
a spill containment structure midway from its emergence from on-base Tinker and the
culverts at [-40. North of I-40, West Soldier Creek flows northeastward through a mixed
residential /commercial area and joins the mainstream of Soldier Creek, just west of Douglas
Boulevard. From this point, Soldier Creek flows north-northwest approximately 3 miles to
join Crutcho Creek, which continues northward about 2 miles and enters the North Fork of
the Canadian River.

In July 1998, the on-base channel of West Soldier Creek was excavated. A concrete lining
was installed along the entire on-base, above-ground portion of West Soldier Creek.

2.2.3 Previous Investigations

Table 2-2 presents a brief summary of previous activities conducted on or near the Soldier
Creek OU under the IRP. On July 22, 1987, the Building 3001 Site and Soldier Creek Site
were added to the NPL. In 1990 and 1991, B&V conducted a Phase I and a Phase II RI/FS to
determine the extent of sediment and surface water contamination along East, West and
Main Soldier Creek. The baseline health risk assessment performed by B&V (1993a)
determined that the sediment and surface water of the Soldier Creek OU do not pose a risk
to human health in excess of acceptable risk-based exposure levels established by the EPA.

In accordance with the requirements of the ROD, the first year of Soldier Creek long-term
monitoring occurred in November 1994, and January, April, and June 1995 and is presented
in the Final Quarterly Monitoring Annual Report for Long-Term Monitoring of Soldier
Creek Sediment and Surface Water Operable Unit (WCFS, 1997a). The second year of long-
term monitoring occurred in October 1995, March, May, and August 1996 and is presented
in the Draft Second Year Quarterly Monitoring Report for Long-Term Monitoring of Soldier
Creek Sediment and Surface Water Operable Unit (WCFS, 1997b). The third year of long-
term monitoring occurred in January and July 1997 and is presented in the Draft Third Year
Long-Term Monitoring Annual Report for Long-Term Monitoring of Soldier Creek
Sediment and Surface Water Operable Unit (WCFS, 1998a).

Initial results of the ecological assessment of Soldier Creek is presented in the Final
Ecological Assessment (WCFS, 1997¢c). Results for the additional ecological assessment,
which occurred in June 1997, are presented in the Draft Ecological Assessment II Report for
the 1997 Ecological Assessment of Soldier Creek (WCFS, 1998D).

Sediment analyte concentrations from the first year of quarterly monitoring did not exceed
the 10+ screening criteria set forth in the BHRA and the HHRA. Therefore, according to the
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ROD, because contaminants of concern did not exceed the 10+ screening criteria another
alternative for remediation does not need to be evaluated (B&V, 1993b).

During the first year of quarterly monitoring, BHRA 10¢ screening criteria were exceeded
by six PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, chrysene, and indeno(1,2,3-cd)pyrene), HHRA 110 screening criteria were
exceeded by one pesticide (heptachlor), and one PAH (benzo(a)pyrene), and HHRA 110
screening criteria were exceeded by two pesticides (aldrin and heptachlor) and six
semivolatiles (benzidine, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene,
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene).

The results of the HHRA I were compared to those presented in the BHRA. Despite slight
differences in approach, both risk assessments concluded that there are no unacceptable
cancer risks or non-carcinogenic hazards associated with exposure to East or West Soldier
Creeks for any on-base or off-base populations, under current of future stream use
conditions.

During the second year of quarterly monitoring, BHRA 10 screening criteria were exceeded
by six SVOCs classified as PAHs (benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, and indeno(1,2,3-cd)pyrene), HHRA 110
screening criteria were exceeded by two pesticides (aldrin and heptachlor) and six SVOCs
(benzidine, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene,
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene), and HHRA 110 screening criteria
were exceeded by one pesticide (heptachlor), and one SVOC (benzo(a)pyrene) in sediment
samples.

Sediment analyte concentrations from the second year of quarterly monitoring did not
exceed the 10 screening criteria set forth in the BHRA and the HHRA I. However, at
location QW03 the non-carcinogenic screening criteria for aroclor 1254 was exceeded.

The results of the HHRA Il were compared to those presented in the HHRA 1. The results of
the comparison between the HHRA 1 and HHRA II showed no dramatic changes. Although
the non-carcinogenic screening criteria was exceeded by one sample on-base West Soldier
Creek, under the worker scenario, the exceedance does not trigger an unacceptable non-
carcinogenic hazard.

During the third year of monitoring, BHRA 10 screening criteria were exceeded by five
semivolatile (SVOCs) classified as polyaromatic hydrocarbons (PAHs). These include
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and
chrysene. HHRA I 104 screening criteria were exceeded by three PAHs benzo(a)pyrene,
benzo(b)fluoranthene, and dibenz(a,h)anthracene. HHRA I 10 screening criteria were
exceeded by benzo(a)pyrene and dibenz(a,h)anthracene in sediment samples. Based on the
ROD, exceedance of these 105 and 10 screening criteria may potentially indicate a need to
evaluate if the exposure is unacceptable.

Sediment analyte concentrations from the fourth year of monitoring did not exceed the 10
screening criteria set forth in the BHRA and the HHRA I. However, the HHRA 1
noncarcinogenic hazard screening criteria for aroclor 1254 was exceeded at one location in
segment QW03 on West Soldier Creek.
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Surface water analyte concentrations from the first three years of monitoring did not exceed
any of the screening criteria set forth in the BHRA and the HHRA L.

Surface water analyte concentrations from the fourth year of monitoring did not exceed any
of the screening criteria set forth in the BHRA or HHRA [ noncarcinogenic, 10-4 or 10-5
screening criteria. During the 1E4Y event the HHRA 10-6 screening criteria for bis(2-
Ethylhexyl)phthalate) was exceeded at one location is segment QE02 on East Soldier Creek.

Sediment analyte concentrations from the fourth year of monitoring did not exceed the 10+
screening criteria set forth in the BIHIRA and the HFHRA 1. However, the HHRA I
noncarcinogenic hazard screening criteria for aroclor 1254 was exceeded at one location in
segment QW03 on West Soldier Creek.

BHRA 10+ screening criteria were exceeded by five semivolatile (SVOCs) classified as
polyaromatic hydrocarbons (PAHs). These include benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and chrysene. HHRA 110
screening criteria were exceeded by five PAHs benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene. HHRA 110*
screening criteria were exceeded by benzo(a)pyrene and dibenz(a h)anthracene in sediment
samples. Based on the ROD, exceedance of these 10 and 10 screening criteria may
potentially indicate a need to evaluate if the exposure is unacceptable.

\SOONER\PROJECT\151452.TT.MR - SOLDIER CREEK\YR FINAL\ANNLRPT3.00C
2-7



FINAL FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
January 2000

TABLES

WSOONER\PROJECT\151452. TT MR - SOLDIER CREEK\YR FINALANNLRPT3.D0C



TABLE 2-1

SOLDIER CREEK
OUTFALLS AND ASSOCIATED BUILDINGS/STRUCTURES

Location QOutfall Building
Aircraft overhaul and modification
West Soldier Creek A 3001 facility
B -- Drains roadway
Aircratt overhaul and modification
C 3001 facility
Aircraft overhaul and modification
D 3001 facility
Aircraft overhaul and modification
E 3001 facility
3108 Hydraulic test and calibration
N - Drains Outtalls A, B,C, D, E
Aircraft overhaul and modification
East Soldier Creek F 3001 facility
Aircraft overhaul and modification
G 3001 facility
H 2122 Airframe paint stripping
2210 Accessories
Aircraft overhaul and modification
3001 facility
3102 Hangar and Fire Station
Hangar and process vacuum heat treat
3105 area
3220 Missles and Avionics
3221 Blade repair
3234 Jet engine test stands
3703 Jet engine test stands
1 2122 Airframe paint stripping
2210 Accessories
Aircraft overhaul and modification
3001 facility
3102 Hangar and Fire Station
Hangar and process vacuum heat treat
3105 area
3220 Missles and Avionics
3221 Blade repair
3234 Jet engine test stands
3703 Jet engine test stands
J - Drains roadway and DRMO area
Aircraft overhaul and modification
L 3001 facility
M - Drains roadway

Adapted from NUS (1989)
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TABLE 2-2

SUMMARY OF PREVIOUS INVESTIGATIONS AND ACTIVITIES

INVESTIGATION/REPORT ORGANIZATION DATE
Quarterly Groundwater s December 1987 - March 1989,
Sampling Tulsa COE March and October 1988
Surface Water Sampling Tinker AFB March - September 1987

Sediment and Surface Water

Oklahoma State Department of

June 1987

Sampling Health

NPDES Surface Water Tinker AFB September 1986 - July 1987
Sampling

Sediment and Surface Water EPA October 1984, November 1984
Sampling

Sediment Sampling and
Dredging

Harry Keith & Sons, Inc.

October 1985, April and May
1986

Final Storm Sewer
Investigation for Soldier Creek

NUS Corporation

October 1989

Industrial Wastewater
Treatment Plant Remedial
Investigation

Tulsa COE

March 1988 - September 1990

Soldier Creek Remedial
Investigation, Phase I and 11

B&V Waste Science and
Technology Corporation

July 1990, June 1991

Soldier Creek Baseline Risk
Assessment

B&V Waste Science and
Technology Corporation

February 1993

Soldier Creek Record of
Decision

B&V Waste Science and
Technology Corporation

August 1993

‘Workplans for Long-Term
Monitoring and Ecological
Assessment of Soldier Creek

Woodward-Clyde Federal
Services

June 1994

Draft Ecological Assessment

Woodward-Clyde Federal
Services

January 1996

Long-Term Monitoring of
Sediment and Surface Water

Woodward-Clyde Federal
Services and CH2M HILL

November 1994, January,
April, July, and October 1995,
March, May, and August
1996, January and July 1997,
January and July 1998

Soldier Creek/Off-Base
Groundwater Operable Unit,
Remedial Investigation

Parsons Engineering Science

July 1995

source: B&V 1993, and PES 1995
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3. INVESTIGATION METHODS

3.1 Sampling Locations and Labeling

During the fourth year of the long-term monitoring program, sampling frequency occurred
semi-annually the segments identified in Figure 2-2. On-base sampling segments included
four segments along West Soldier Creek (QW01-QW04), and nine segments along East
Soldier Creek (QE01-QE09), and a sample location on a tributary or drainage ditch to West
Soldier Creek (QW07). The additional sampling location (QW07) was added to a tributary or
drainage ditch to West Soldier Creek during the second quarter of the second year sampling
event. The sample location, QW07, is located at the culvert on the northeast corner of the
Building 3001 north parking lot, north of Industrial Boulevard. On-base sampling along
West Soldier Creek (QW01-QWO04) occurred only during the 1Evnt4Yr monitoring event.
Excavation and concrete lining of the on-base portion of the channel in July, 1998 precluded
sampling during the 2Evnt4Yr monitoring event.

The off-base portion of Soldier Creek bounded by I-40 has been split into four segments, two
on West Soldier Creek (QW05, QW06), two on East Soldier Creek (QE10, QE11) and a
sample location on Tributary B (TR01), just above the confluence with East Soldier Creek,
east of Douglas Boulevard. Stream segments were established based on the locations of
known outfalls and structures (i.e., spill containment structures), known or suspected areas
of contamination, stream morphology, and in conjunction with Tinker AFB EM personnel
familiar with the project (WCFS, 1994). Table 3-1 presents the boundaries for each stream
segment.

Sampling occurred quarterly for the first two years of long-term monitoring. Each stream
segment was divided into quarters (sections). During each quarterly event, a different
section of the stream segment was sampled progressing from upstream the first quarter to
downstream with each subsequent event (Figure 3-1). The rationale for sub-dividing the
stream segments into sections was to better characterize Soldier Creek surface water and
sediment quality temporally and spatially. This sampling methodology was set forth in the
ROD (B&V, 1993b).

Locations for semi-annual sampling were based on results from the first two years of
quarterly monitoring for each segment of stream. Using sediment concentrations of PAHs
as a guide (since they consistently exceed BHRA 10+ screening criteria), the two most
contaminated sample locations from each stream segment were selected for sampling
during semi-annual monitoring. In the event that PAHs did not exceed the health criteria,
best professional judgment was used to determine which locations to sample based on other
contaminant concentrations (i.e., PCB concentrations in the second and third quarter
segments of QE03). If a segment was “equally” contaminated or there were no significant
differences in contamination, the first and third quarter sections of a segment were selected
for sampling. During the 1IEvnt4Yr monitoring event, the upstream most section of each
segment was sampled, and during the 2Evnt4Yr monitoring event, the downstream most
section of each segment was sampled.
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Data presented in the First Event Third Year Sampling Report (WCES, 1997d) indicated
QE11 would be sampled at the third quarter location during each second semi-annual
monitoring event, however, the location could not be positively identified in the field.
Therefore, QE11 was sampled at the fourth quarter sampling location, at the 1-40 bridge,
during the 2Evnt3Yr and 2Evnt4Yr monitoring events. Two additional exceptions to the
above described sample location rationale were at Tributary B and QW07, where the same
location was sampled during all sampling events. Due to the grade of QW07, sufficient
water for sampling was available only near the outlet of the outfall. Table 3-2 presents the
quarterly monitoring locations as they correlate to the fourth year (semi-annual) monitoring
locations. Figure 3-2 illustrates the sample locations within each sampling segment for
semi-annual monitoring,.

Samples were collected from a representative location along the stream channel. Sample
locations within the section of the stream segment being sampled were determined in the
tield. Basic criteria for determining a representative sample location included flow, depth,
deposition, occurrence of discolored sediments, and change in stream morphology.

3.1.1 Sediment Sampling

Depending on the water column depth and sediment characteristics, a trowel, ponar dredge,
or hand auger was used to collect sediment samples. Stainless steel trowels were used to
collect samples from the 0-6 inch interval. In areas where the water column was too deep to
use a trowel, a stainless steel hand auger was used. Sediment samples obtained from 6-12
inches and 3-5 feet were also collected using a stainless steel hand auger.

For discrete sample collection using the trowel, the sampling area was first cleared of
vegetation and/or debris. The sample was collected from the upper 6 inches. Upon
reaching the surface, the sample was placed in a stainless steel bowl or on a clean sheet of
aluminum foil. The sample for volatile and semi-volatile analyses was placed immediately
into sample containers. Free water obtained during sample collection was used to eliminate
headspace in the volatile and semi-volatile sample containers. The remaining portion of the
sediment sample was composited and then transferred to the appropriate containers based
upon analysis to be performed. Any remaining free water from the sample collection was
returned to the stream. To the extent practical, the sample hole was backfilled with native
sediment and vegetation.

For deeper samples, the hand auger sampler was lowered to the sediment surface and
manually augured to the desired sampling depth or to refusal of the device. Upon reaching
the surface, the sample was placed on a clean sheet of aluminum foil. The sample for
volatile and semi-volatile analyses was placed immediately into sample containers. Free
water obtained during sample collection was used to eliminate headspace in the volatile and
semi-volatile sample containers. The remaining portion of the sample was composited and
then transferred to the appropriate containers based upon analysis to be performed. Any
remaining free water from the sample collection was returned to the stream. To the extent
practical, the sample hole was backfilled with native sediment and vegetation.
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3.1.2 Surface Water Sampling

Surface water samples were collected prior to sediment sampling and were obtained from
the same location as sediment samples. Care was taken not to disturb the sediments during
sampling. When possible, high velocity areas were avoided due to increased volatilization
in turbulent waters. Stagnant waters were unavoidable in many segments due to the
intermittent nature of the streams. Grab surface water samples were collected by
submerging glass or stainless steel sampling devices directly into the creek. The opening of
the container faced upstream. The water was then transferred directly into the sample
containers and submitted for laboratory analysis.

Analysis of field parameters was conducted on surface water samples. These parameters
included pH, specific conductance, temperature, and dissolved oxygen. Field
measurements were recorded on field sheets. A total of four replicates were measured and
averaged for each parameter. Volumetric stream flow in each segment was estimated by
determining the cross-sectional area and measuring current velocities across a
representative transect in accordance with USGS flow-measurement techniques (wading
method) (USGS, 1984).

3.1.3 Sample Identification

Each sample was identified by a specific field identification number which indicates site
name, sampling location, sample type, and sequence number. An example of the sample
identification number SC-QE01-SD-1201 is as follows:

¢ SC - indicates the site name (Soldier Creek Sediment and Surface Water Operable Unit)
e QEO01..QE11 - indicates sample segment on East Soldier Creek

*  QWO01..QW07 - indicates sample segment on West Soldier Creek

¢ TRO1 - indicates the sample location on Tributary B

e SW -indicates surface water

e SD - indicates sediment

The last three or four-digit code is the sequence identifier. For the first nine monitoring
events, the first digit of the sequence identifier indicates the event being sampled and the
sample location within a stream segment (i.e., 1XX through 9XX for sampling events 1
through 9). Subsequent events are indicated by the first two digits of the sequence identifier
(i.e., 12XX for the 2Evnt4Yr monitoring event). The last two digits indicate, in sequence, the
samples taken from each location. The last two digits always begin with 01 at each location.
Duplicate samples for each sampling event were identified by adding 500 to the sequence
identifier of the corresponding sample (i.e., SC-QE01-SD-1201 duplicate would be identified
as SC-QEQ1-SD-1701).

In the above example, 1201 indicates the first sample (i.e., 0-6 inches) taken during the
2Evnt4Yr monitoring event, and 1202 indicates the second sample (i.e., 6-12 inches), taken
during the 2Evnt4Yr monitoring event.
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3.2 Analytical Parameters

Samples were analyzed for volatile organics, semi-volatile organics, metals, polychlorinated
biphenyl’s (PCBs), and pesticides. Surface water samples were also analyzed for the
following wet chemistry parameters: alkalinity, chemical oxygen demand, hardness, total
dissolved solids, total organic carbon, total suspended solids, chloride, and sulfate.
Dissolved metals analysis was performed on surface water samples during the first event
fourth year (1Evnt4Yr) monitoring event. Hexavalent chromium analysis was performed on
sediment (0-6 inch bgs) and surface water samples during the 1Evnt4Yr monitoring event.
Surface water measurements performed in the field included temperature, pH, conductivity,
dissolved oxygen, and flow.

Table 3-3 presents a list of analytes by method and reporting limits. Actual sediment
reporting limits were raised due to percent moisture in the sediment and elevated analyte
concentrations. A summary of the constituents for analysis, containers, preservation, and
holding times are presented in Table 3-4.

Southwell Analytical Laboratories, Oklahoma City, Oklahoma, performed hexavalent
chromium analysis for the 1Evnt4Yr monitoring event. Quanterra Environmental Services
of Arvada, Colorado performed all remaining analysis.

3.3 Decontamination Procedures

All sampling equipment was decontaminated prior to each sampling location and prior to
initial use. Decontamination of equipment minimized the risk of cross-contamination to
environmental samples from improperly cleaned sampling equipment and ensured that
representative samples were obtained. Tinker AFB provided potable water for all
decontamination activities.

Equipment used in the cleaning or decontamination of field equipment included:
¢ Methanol, reagent grade

¢ Aluminum foil

e Disposable gloves

* Teflon and stainless steel squeeze bottles or sprayers

¢ Wash tubs of various sizes and scrub brushes

e DPotable water

* High Performance Liquid Chromatography (HPLC) water

e Plastic sheeting

¢ Washwater containment tubs or containers

Equipment decontamination procedures that were employed in the Soldier Creek
investigation are as follows:
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¢ Only Teflon and stainless steel containers were used to dispense water, methanol, or
other cleaning agents. No plastic containers were used.

e All personnel performing decontamination procedures wore appropriate protective
clothing such as disposable gloves, rubber boots, etc., as specified by the Site Safety
Officer.

e All decontamination waste fluids were collected in containers with secondary
containment and were stored at the drum staging area until disposal.

* All surface water and sediment sampling equipment (e.g. stainless steel bowls, trowels,
dredges, and samplers) was decontaminated using brushes and a laboratory-grade
detergent/potable water solution, followed by a potable water rinse, a pesticide-grade
methanol rinse, and a HPLC water rinse. All equipment was allowed to air dry before
sampling. If not immediately used, all decontaminated sampling equipment was
wrapped in aluminum foil before storage or reuse.

All cleaning or wash buckets or tubs were cleaned using laboratory grade
detergent/potable water solution and potable water rinse upon mobilization and
demobilization.

3.4 Quality Control - Quality Assurance

Quality Assurance (QA) procedures were performed in general accordance with the Quality
Assurance Project Plan (QAPP) of the Workplan (WCFS, 1994). No deviations from the
QAPP occurred in the field during the long-term monitoring events, with the exception of
the rate of QA sample collection. QA was collected at a rate of approximately 10 percent
(ie., 1 for every 10 samples) during the first two years of monitoring. Field duplicates,
matrix spikes, and matrix spike duplicates were collected at a rate of approximately 5
percent (i.e., 1 for every 20 samples).

One rinsate was collected for each day of sampling. These Quality Assurance/Quality
Control (QA/QC) samples were collected to assess field sampling procedures (including
decontamination) and field collection precision. Trip blank samples accompanied each
cooler with samples for VOC analysis to assess potential cross-contamination. One field
ambient blank for each monitoring event was collected by pouring HPLC water, used for
decontamination of equipment and rinsate samples, directly into sample bottles. The
ambient blank sample was collected to assess the effects of background conditions, potential
sample container contamination, and the quality of the HPLC water.

Quanterra laboratory performed a QA/QC review. A QA/QC data assessment was
performed by CH2M HILL which included full validation of at least twenty percent of the
data, for each monitoring event, using the SW-846 methods (EPA, 1992b) and the EPA Contract
Laboratory Program (CLP) National Functional Guidelines for Organic and Inorganic Data
Review (Guidelines) (USEPA, 1994a, 1994b). Data assessment is herein defined as the
systematic, structured process of evaluating, editing, screening, checking, verifying, and
reviewing to assure that analytical data are in compliance with established criteria and are
valid for the intended use.
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The full validation consisted of a review of SW-846 results summary sheets and instrument
reports for QA/QC parameters such as matrix spikes (MS), matrix spike duplicates (MSDs),
detection limits, calibrations, duplicate control samples (DCS), single control samples (SCS),
chain of custody forms, sample preparations, holding times, etc. In addition, the review
consisted of recalculating laboratory data and standard calibration curves, checking for
transcription errors, and carefully checking chromatograms and reconstructed ion
chromatograms. The purpose of the full validation is to evaluate whether laboratory
performance and analytical data are in compliance with method requirements and project
specifications for accuracy, precision, validity, and completeness.

The data assessment process provides information on analytical limitations of data based on
regulatory or method specific QA/QC criteria. In addition, the review process assigns data
qualifiers and provides a statement concerning usability of data. To ensure the data gathered
during the investigation activities are adequate; precision, accuracy, representativeness,
completeness, and comparability (PARCC) parameter targets have been identified for Level III
analyses during the development of Data Quality Objectives (DQOs) and planning of the field
activities. Level Il analyses included all laboratory analyses using EPA methods. Quality of
the analytical data is indicated by the calculation of values for precision, accuracy, and
completeness. The quantitative target values for precision, accuracy, and completeness are as
follows:

¢ Precision = 20 percent

* Accuracy control limits specified for the particular analysis

¢ Completeness = 90 percent

Comparability and representativeness are assessed in a qualitative evaluation of the data
generated during the field investigation.

The data generated during the fourth year of monitoring at Soldier Creek, Tinker AFB were
reviewed as described above. The data were evaluated to be usable as received from
Quanterra and Southwell analytical with the qualifications noted in the validation reports
for their stated and intended purpose. Complete results of data validation and signed
Chain of Custody Forms are presented in the monitoring reports (WCFS, 1998c and CH2M
HILL, 1998)
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TABLE 3-1

LONG-TERM MONITORING STREAM SEGMENT BOUNDARIES

[ WEST SOLDIER CREEK ON-BASE PORTION

Section 1 (QWOL)

South Tank Arca to Qutfall E

Section 2 (QW02)

Outfall E 1o just above Outfall D

Section 3 (QWO03)

Outfall D to just above Outfall C

Section 4 (QW04)

Outfall C to culvert opposite north end of Building 3001, where on-
base above ground portion of West Soldier Creek ends.

Section 5 (QW07)

Single location located on tributary to West Soldier Creek at
emergence from north-east corner of parking lot. north of Building
3001 .

L WEST SOLDIER CREEK OFF-BASE PORTION

Section 1 (QWO05)

Above-ground reach from it's emergence at three culverts near Tinker
Gate 7 to the spill containment structure

Section 2 (QWO006)

Spill containment structure to Interstate 40

L EAST SOLDIER CREEK ON-BASE PORTION

Section 1 (QEOI)

Mainstem from its emergence at 44th Street to just above the
confluence of Outfall G

Section 2 (QE02)

Outfall G from its emergence east, half way to its confluence with the
mainstem

Section 3 (QE03)

Outfall G from halfway to its confluence with the mainstem to the
mainsten.

Section 4 (QE04) Mainstem from Outfall G to just above the confluence of Qutfall M
Section 5 (QE05) Outfall M to Bradley Drive
Section 6 (QE06) The long pool from Bradley Drive north to just above Outfall F

Section 7 (QE07)

Outfall F from its emergence to its confluence with the mainstem

Section 8 (QE08)

The mainstem from Outfall F to the dam on the mainstem

Section 9 (QE09)

The mainstem from the dam to the spill containment structure on
Douglas Blvd.

EAST SOLDIER CREEK OFF-BASE PORTION

Section 1 (QE10)

The mainstem from Douglas Boulevard to just above the confluence
with Tributary B

Section 2 (QE11)

The mainstem from Tributary B to Interstate 40

linker/l4()273—5003/AnnunLRpL/'I‘ab.‘S,xls/boundzlries 01/25/2000
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TABLE 3-2

SEMI-ANNUAL MONITORING

SAMPLE LOCATIONS
L Segment First Event Second Event j
WEST SOLDIER CREEK

QW01 Ist Quarter Location - 100 fect NA
downstream from southwest end of
South Tank Area

QW02 Ist Quarter Location - 60 feet NA
downstream from Outfall E

QW03 Ist Quarter Location - 75 feet NA
downstream from Outfall D

QW04 3rd Quarter Location - 380 feet NA
downstream from Outfall C

QW05 [st Quarter Location - 30 feet 3rd Quarter Location - Approx. 75
downstream of culverts feet upstream from spill

containment structure

QW06 Ist Quarter Location - pool below |3rd Quarter Location - 50 feet
spill containment structure upstream from spill containment

structure

QW07 Ist Quarter Location - 1 foot Ist Quarter Location - 1 foot
(water) and 5 feet (sediment) from [(water) and 5 feet (sediment) from
culvert opening culvert opening

EAST SOLDIER CREEK

QEOI Ist Quarter Location - 18 feet 4th Quarter Location - on main
upstream from Ist weir, below branch of East Soldier Creek, 5-10
outfalls H, I, J feet upstream of confluence with

Outfall G

QEO02 3rd Quarter Location - 4 feet 4th Quarter Location - Just above
upstream from 2nd weir, 3rd weir located downstream from
downstream from culvert, on culvert on Outfall G
Outfall G

QEO03 Ist Quarter Location - 10 feet 2nd Quarter Location - 5 feet
downstream from third weir, above fourth weir located
downstream from culvert, on downstream from culvert on
Outfall G. Sediment collected Outfall G
from constriction below pool.

QE04 Ist Quarter Location - 3rd Quarter Location - In pool,
Approximately 40 feet downstream just above weir located upstream
from confluence with Outfall G, on|of Bradley Drive, on East Soldier
East Soldier Creek. Collected Creek
adjacent to a northern plane
(sycamore) tree.

tinker/146273-5003/Annual_RpyTab3.xls/locations 01/25/2000
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TABLE 3-2

SEMI-ANNUAL MONITORING
SAMPLE LOCATIONS

Segment | First Event Second Event
QEO0S st Quarter Location - 1 feet 2nd Quarter Location - 10 feet
downstream from confluence with |south of Bradley Drive spill
Outfall M, on East Soldier Creck. [containment structure on East
Upsteam of spill gate at Bradley  |Soldier Creek
Drive.
QEO0O6 3rd Quarter Location - 4th Quarter Location - Approx. 35
Perpendicular to red fence post on upstream of confluence with
east bank of pond. Approximately |Outfall F. on East Soldier Creek
750 feet upstream of confluence of pond
East Soldier Creek and Outfall F.
QE07 Ist Quarter Location - At 3rd Quarter Location - 10-15 feet
uppermost weir in top pool of above 3rd weir located
Outfall F downstream from culvert on
Outfall F
QEO8 2nd Quarter Location - In middle |3rd Quarter Location - center of
of pond, between confluence with pond, perpendicular to storm water
Outfall F, and dam. outfall. Approximately 150 feet
upstream of dam
QEQ9 Ist Quarter Location - 20 feet 3rd Quarter Location -
downstream of dam, on eastern approximately 5 feet downstream
banch of creek. Upstream from of IWTP outfall in east side
IWTP NPDES outfall. channel
QEI0 Lst Quarter Location - 175 feet 3rd Quarter Location - midway
downstream from Douglas between northern/western property
Boulevard. line of white house and confluence
of East Soldier Creek with
Tributary B
QElI Lst Quarter Location - 125 feet 4th Quarter Location - Approx. 25
downstream from confluence with |feet upstream from I-40 bridge
Tributary B, on East Soldier Creek
Trib B Ist Quarter Location - 12 feet 1st Quarter Location - 12 feet
upstream of confluence with East upstream of confluence with East
Soldier Creek in drainage ditch Soldier Creek in drainage ditch
known as Tributary B known as Tributary B

Note: * The second event location for QEL11 was originally identified as the

third quarter sampling location. The location could not be positively identificed in the

field and was sampled at the fourth quarter location, at the 1-40 bridge.
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ANALYTES AND REPORTING LIMITS

TABLE 3-3

Analytes Sediment' Water
Recoverable Metals - Method 6010/6020
Aluminum 1O* 15
Antimony 0* 3
Barium 1 1
Beryllium 0.2% 0.5
Cadmium 0.5* 0.3
Calcium 20 200*
Chromium 1* 5
Cobalt 1* 0.5
Copper 2% 2
Iron 10* 100*
Lead 5% |
Magnesium 20* 200*
Manganese I* 2
Molybdenum 2% 1
Nickel 4% 0.2
Potassium 500* 5000*
Silver 1* 0.5
Sodium 500* 5000*
Thallium 200* 0.1
Vanadium 1* 0.5
Zine - 10
Selenium 0.5 5
Metals - Methods As(7060),
Hg(7470/7471), Hexavalent Chromium
(7196A) mg/kg mg/L
Arsenic 0.5 0.005
Mercury 033 0.0002
Selenium 0.5 -
Hexavalent Chromium® 2.5 0.1
PCB’s and Chlorinated Pesticides -
Method 8080 mg/kg ug/L
4.4 -DDD 33 0.01
4.4’-DDE 3.3 0.01
4,4 -DDT 33 0.01
Aldrin 1.7 0.005
alpha-BHC 1.7 0.005
alpha-Chlordane 1.7 0.005
Aroclor 1016 33 0.1
Aroclor 1221 33 0.1
Aroclor 1232 33 0.1
Aroclor 1242 33 0.1
Aroclor 1248 33 0.1

tinker/1 4()273-5003/Annua1_Rpl/Tab3.xls/RLIMITS 01/25/2000

lof5s



TABLE 3-3
ANALYTES AND REPORTING LIMITS

Analytes Sediment Water
Aroclor 1254 33 0.1
Aroclor 1260 33 0.1
beta-BHC 1.7 0.005
delta-BHC 1.7 0.005
Dieldrin 33 0.01
Endosulfan I 1.7 0.005
Endosulfan 11 3.3 0.01
Endosulfan sulfate 33 0.01
Endrin 33 0.01
gamma-BHC (Lindane) 1.7 0.005
gamma-Chlordane 1.7 0.005
Heptachlor 1.7 0.005
Heptachlor epoxide 1.7 0.005
Methoxychlor 17 0.05
Toxaphene 170 0.25
Volatile Organics - Method 8240/8260 mg/kg ug/L
Acetone 10 10
Acrolein 100 100
Acrylonitrile 100 100
Benzene 5 5
Bromodichloromethane 5 5
Bromoform 5 5
Bromomethane 10 10
2-Butanone (MEK) 10 10
Carbon disulfide 5 5
Carbon tetrachloride 5 5
Chlorobenzene 5 5
Chloroethane 10 10
Chloroform 5 5
Chloromethane 10 10
Dibromochloromethane 5 5
Dibromomethane 5
trans-1,4-Dichloro-2-butene 5
Dichlorodifluoromethane 20 20
1,1-Dichloroethane 5 5
1,2-Dichloroethane 5 5
1,1-Dichloroethene 5 5
1,2-Dichloropropane 5 S
cis-1,3-Dichloropropene 5 5
trans-1,3-Dichloropropene 5 5
Ethylbenzene 5 5
Ethyl methacrylate 20 20
Iodomethane 5 5
2-Hexanone 10 10
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TABLE 3-3
ANALYTES AND REPORTING LIMITS

Analytes Sediment! Water
Methylene chloride 5 S
4-Methyl-2-pentanone (MIBK) 10 10
Styrene 5 5
L. 1.1.2-Tetrachloroethane b 5
1.1.2.2-Tetrachloroethane 5 )
Tetrachloroethene 5 5
Toluene 5 5
1. 1.1-Trichloroethane 5 5
1.1.2-Trichloroethane 5 5
Trichlorethene 5 5
Trichlorofluoromethane 5 5
1.2.3-Trichloropropane 5 5
Vinyl acetate 10 10
Vinyl chloride 10 10
Xylenes (total) 5 5
trans 1,2-Dichloroethene 5 5
Ethanol -- --
2-Chlorethyl vinyl ether 10 10
Semivolatile Organics - Method 8270 mg/kg ug/L
Acenaphthene 330 10
Acenaphthylene 330 10
Acetophenone 330 10
4-Aminobiphenyl 330 10
Aniline 330 10
Anthracene 330 10
Benzo(a)anthracene 330 10
Benzo(b)fluoranthene 330 10
Benzo(k)fluoranthene 330 10
Benzo(g,h,i)perylene 330 10
Benzo(a)pyrene 330 10
Benzyl alcohol 330 10
4-Bromophenyl phenyl ether 330 10
Butyl benzyl phthalate 330 10
4-Chloroaniline 330 10
bis(2-Chloroethoxy)methane 330 10
bis(2-Chloroethyl)ether 330 10
bis(2-Chloroisopropyl)ether/2,2’-oxybis (1
chloropropane) 330 10
4-Chloro-3-methylphenol 330 10
2-Chloronaphthalene 330 10
2-Chlorophenol 330 10
4-Chlorophenyl phenyl ether 330 10
Chrysene 330 10
Dibenz(a,h,)anthracene 330 10
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TABLE 3-3
ANALYTES AND REPORTING LIMITS

Analytes Sediment’ Water
Dibenzoturan 330 10
Di-n-butyl phthalate 330 10
1.2-Dichlorobenzene 330 10
1.3-Dichlorobenzene 330 10
1.4-Dichlorobenzene 330 10
3.3"-Dichlorobenzidine 660 20
2.4-Dichlorophenol 330 10
2,6-Dichlorophenol 330 10
Diethyl phthalate 330 10
p-Dimethylaminoazobenzene 330 10
7.12-Dimethylbenz(a)-anthracene 330 10
a.a-Dimethylphenethyl-amine 330 10
2.4-Dimethylphenol 330 10
Dimethyl phthalate 330 10
4.6-Dinitro-2-methylphenol 1600 50
2.4-Dinitrophenol 1600 50
2.4-Dinitrotoluene 330 10
2,6-Dinitrotoluene 330 10
Di-n-octyl phthalate 330 10
Diphenylamine 330 10
bis(2-Ethylhexyl)phthalate 330 10
Ethyl methanesulfonate 330 10
Fluoranthene 330 10
Fluorene 330 10
Hexachlorobenzene 330 10
Hexachlorobutadiene 330 10
Hexachlorocyclopentadiene 330 10
Hexachloroethane 330 10
Indeno(1,2,3-cd)pyrene 330 10
Isophorone 330 1o
3-Methylcholanthrene 330 10
Methyl methanesulfonate 330 10
2-Methylnaphthalene 330 10
2-Methylphenol 330 10
3/4-Methylphenol 330 10
Naphthalene 330 10
I-Naphthylamine 330 10
2-Naphthylamine 330 10
3-Nitroaniline 1600 50
4-Nitroaniline 1600 50
Nitrobenzene 330 10
2-Nitrophenol 330 10
4-Nitrophenot 1600 10
N-Nitroso-di-n-butylamine 330 10
N-Nitrosodiphenylamine 330 10
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TABLE 3-3
ANALYTES AND REPORTING LIMITS

Analytes Sediment’ Water
N-Nitroso-di-n-propylamine 330 10
N-Nitrosopiperidine 330 10
Pentachlorobenzene 330 10
Pentachloronitrobenzene 1600 10
Pentachlorophenol 1600 10
Phenacetin 330 10
Phenanthrene 330 10
Phenol 330 10
2-Picoline 330 10
Pronamide 330 10
Pyrene 330 10
1.2,4,5-Tetrachloro-benzene 330 10
2.3.4,6-Tetrachlorophenol 1600 50
1,2,4-Trichlorobenzene 330 10
2.4.5-Trichlorophenol 1600 50
2.4,6-Trichlorophenol 330 10
Benzidine 2500 50
I-Chloronaphthalene 2500 50
Dibenz(a,j)acridine - -
Azobenzene 2500 50
Benzoic acid 2500 50
Wet Chemistry mg/kg mg/L
Hardness NA 5
COD NA 20
TOC NA 1.0
TSS NA 2
TDS NA 10
ALK NA 5
Chloride NA 0.5
Sulfate NA 0.5

NA - Not applicable

* Indicates Method 6010, all other metals by Method 6020

" Actual sediment reporting limits vary due to percent moisture, and preparation dilution

: Reporting units for sediment & surface hexavalent chromium analysis for second and third

quarters sccond year monitoring were 20 mg/kg and 0.5 mg/L, respectively.
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4. HUMAN HEALTH RISK ASSESSMENT

Results of the human health risk assessment IV (HHRA IV) of Soldier Creek surface water
and sediment at Tinker Air Force Base (AFB), Oklahoma City, Oklahoma are presented in
Appendix A of this document. This section is presented to summarize the HHRA TV,

Soldier Creek surface water and sediment are sampled semi-annually as part of long-term
monitoring of Soldier Creek. Previously, Black & Veatch Waste Science Technology (B&V
1993¢) and Woodward-Clyde Federal Services (1997a, 1997b, 1998¢) evaluated potential
risks associated with Soldier Creek surface water and sediment using data available at the
time of their assessments. This human health RA evaluates the potential current and future
risks associated with Soldier Creek surface water and sediment based on the most recently
measured surface water and sediment concentrations (January and July 1998 semi-annual
Soldier Creek monitoring). The results from this current assessment were compared with
the results from the three previous WCFS RAs (WCFS 1997a, 1997b, 1998a) to determine if
the earlier conclusions are still valid and if there are any trends associated with the
calculated risks. Additionally, remediation goals protective of human health developed by
WCEFS (1999a) for surface water and sediment were updated in this report.

This RA incorporates the methodology described in the Risk Assessment Guidance for
Superfund, Volume 1, Human Health Evaluation Manual, Part A (RAGS; USEPA 1989a), Risk
Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual, Part B (USEPA
1991b), Exposure Factors Handbook (USEPA 1989b), Standard Default Exposure Factors (USEPA
1991a), Dermal Exposure Assessment: Principles and Applications (USEPA 1992a), and
Supplemental Region IV Risk Assessment Guidance (USEPA 1996). Toxicity data were obtained
from USEPA’s Integrated Risk Information System (IRIS; USEPA 1998a), Health Effects
Assessment Summary Tables (HEAST; USEPA 1997), and USEPA Region III's Risk-based
Concentration Table (USEPA 1998b). Surface water and sediment data collected from Soldier
Creek during the January and July 1998 semi-annual monitoring were evaluated.

Soldier Creek was divided into three different areas for analysis in the RA based on
different contaminant sources and exposed populations. The three segments are:

. Off-Base West Soldier Creek
. On-base East Soldier Creek
. Off-Base East Soldier Creek

Tinker AFB began remediation of the on-base portion of West Soldier Creek in July 1998.
This remediation includes excavating sediment and lining the channel with concrete.
Consequently, surface water and sediment samples were not collected from the area of the
on-base segment of West Soldier Creek undergoing remediation during July 1998 and a risk
evaluation was not conducted for the on-base segment of West Soldier Creek.

WSOONER\PROJECT\151452 TT.MR - SOLDIER CREEKMYR FINAL\ANNLRPT3.00C
4-1



FINAL FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
January 2000

An evaluation of potential human health risks was performed for surface water and
sediment in the three stream segments for the chemicals of potential concern (COPCs). The
COPCs identified for the different stream segments include metals, polychlorinated
biphenyls (PCBs), pesticides, volatile organic compounds (VOCs), and semivolatile organic
compounds (SVOCs). Exposure scenarios believed to represent potential human activities
in the stream segments were evaluated. These exposure scenarios were developed in the
previous RAs and for consistency were evaluated in this assessment. The exposure
scenarios evaluated include:

. Construction workers involved in repair or installation of underground pipelines
around or under on-base portions of East Soldier Creek; and

. Residents wading or swimming in off-Base portions of West and East Soldier Creeks.

Based on the depth of water, swimming was only evaluated for the residential child
scenario for off-Base East Soldier Creek; all other scenarios assume wading only. Exposure
to both surface water and sediment was evaluated for all receptors.

Potential cancer risks are below or within the USEPA recommended range of 10 to 10+ and
potential noncarcinogenic hazards are below the USEPA recommended noncarcinogenic
health hazard of 1.0 for all scenarios. These results indicate that exposure to surface water
and sediment in West and East Soldier Creeks is not likely to result in an unacceptable
cancer risk or noncarcinogenic hazard for on-base or off-base populations under current or
future stream use and current environmental conditions.

The results of the current risk analysis were compared to the results from the three previous
HHRAs. It should be noted that the methodology used in the current risk analysis was
slightly different than the methodology used in the three previous HHRAs. The 1996
USEPA Region IV Supplemental Risk Guidance (USEPA 1996) was followed for this
assessment and the 1991 USEPA Region IV Guidance (USEPA 1991d) was followed for the
previous assessments. The largest difference between the current and the previous HHRAs
was the methodology used to select the COPCs, which resulted in different COPCs being
selected. Therefore, the risk assessments are not completely comparable. In general, no
dramatic changes between the first three WCFS HHRAs and the current (fourth year)
HHRA IV were identified. Therefore, no definitive statement can be made regarding trends
for East and West Soldier Creeks based on these results. The differences in estimated
noncarcinogenic hazards and carcinogenic risks are due to changes in contaminant
concentrations and the chemicals that were detected in the sediment and surface water.
These differences are expected because the stream is a dynamic system affected by factors
such as precipitation levels. Effluent outfall flow and concentrations also impact the
dynamics of the stream system. Like heavy precipitation, large volumes of effluent outfall
may dilute concentrations in the stream system. Therefore, it is possible for concentrations
in the stream to rise despite the closure of outfalls. The differences between the HHRA IV
and the three previous HHRAs may also be attributed to the use of a different method to
select the COPCs for quantitative evaluation in the HHRA.

To date, none of the HHRAs indicated any unacceptable adverse noncarcinogenic health

effects or cancer risks associated with exposure to West or East Soldier Creeks for any on-
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base or off-base population under current or future stream use conditions. Consequently,
no remedial action is necessary based on risks to human health. As part of the HHRA,
health-protective cleanup goals were developed for each COPC. Although remediation is
not currently warranted based on risk to human health, the cleanup goals provide a set of
“action criteria” should remediation be required in the future.
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5. DISCUSSION OF MONITORING RESULTS

This section discusses data screening and evaluation procedures and the results of the
fourth year of sediment and surface water long-term monitoring of the Soldier Creek
Operable Unit.

5.1 Data Screening

The purpose of data screening and analysis was to determine which analytes are present
and which of those exceed media specific screening criteria. For this assessment, a simple
two step procedure was used. The first step was to establish the presence or absence of
analytes in the sediment and surface water samples. All analytes reported in detectable
concentrations were tabulated on a segment by segment basis for each monitoring event.

The second step involved sample by sample comparisons to screening criteria. Screening
criteria were set forth in the ROD (B&V, 1993b) and the HHRA I (WCFS, 1997a). These
screening criteria are risk-based values to which specific analyte concentrations are
compared. If sample concentrations were below the decision criteria, it was assumed that
the analyte does not pose an unacceptable risk to human health and response actions are not
required. Therefore, the analyte was dropped from further consideration. If screening
criteria were exceeded, the analyte was considered a potential COC.

According to the ROD (B&V, 1993b), unacceptable exposures were determined based on the
following criteria:

e Contaminant concentrations in sediment or surface water exceeding health levels based
on an excess lifetime cancer risk of 104, Contaminant concentrations detected in the 10+
to 10 range may potentially indicate an unacceptable exposure level and will be
evaluated to determine if the exposure level was unacceptable and remediation,
therefore, necessary.

e Contaminant concentrations in sediment or surface water with non-carcinogenic hazard
indices (HIs) greater than 1.0

e Contaminant concentrations in sediment or surface water that present an unacceptable
ecological risk

The first two criteria were based on exposure factors developed by the BHRA for human
health under the RI/FS, and the HHRA I. Summaries of carcinogenic and non-carcinogenic
risks for contaminants of concern in sediment and surface water from the BHRA are
presented in Table 5-1 and Table 5-2. Risk based cleanup levels developed by the HHRA I
and for sediment and surface water are presented in Tables 5-3 through 5-4. The following
evaluation and discussion of analytical results is for the fourth year long-term monitoring
results. These results were screened against the BHRA and HHRA I screening criteria as
described above. The fourth year analytical results were also evaluated under the HHRA TV
for unacceptable cancer risk or non-carcinogenic hazard presented in Appendix A.
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5.2 Evaluation and Discussion of Results

5.2.1 Sediment

A total of 63 sediment samples (35 during 1Evnt4Yr and 28 during 2Evnt4Yr) were collected
during the fourth year of long-term monitoring. Sediment samples were generally collected
at three intervals from 0-6 inches, 6-12 inches, and 3-5 feet. Samples from TRO1 were only
collected from 0-6 inches, per the scope of work. When refusal of the sampling device
occurred prior to 5 feet bgs, a sample was typically collected from the bottom one foot
interval of the boring. The number of sediment samples collected varied each event based
on the depth of sediment at each sampling location. In some sampling segments,
particularly on-base East Soldier Creek, upstream of Bradley Drive, the stream bed is
scoured to bedrock with few, shallow depositional areas.

Appendix B contains tables which summarize the analyte detections by monitoring event.
Table 5-5 presents the frequency of detection, maximum, minimum and average
concentrations of analytes detected in sediment. Statistical summaries were calculated
based on detected concentrations in analytical samples excluding non-detects and QA/QC
samples. The sample location at which the maximum concentration of an analyte was
detected is presented in Table 5-6. Table 5-7 presents a summary of analytes for 0-6 inches
and 6-12 inches bgs for the first four years of long-term monitoring which exceeded the
BHRA screening criteria. Analytes which exceeded HHRA 110~ and 10+ carcinogenic
screening criteria during the first four years of long-term monitoring are presented in Table
5-8 and Table 5-9. No analytes in sediment samples exceeded the HHRA 110+ carcinogenic
or non-carcinogenic screening criteria. Table 5-10 presents a comparison of the maximum
analyte concentration for each event of the first four years of long-term monitoring to the
maximum RI sampling analytical results.

Metals

Twenty-four metals were detected during the fourth year of monitoring. Metals detected by
Methods 6010 and 7471 were: aluminum, antimony, arsenic, barium, beryllium, cadmium,
calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury,
molybdenum, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and zinc.

The most frequently detected metals and their maximum concentrations were aluminum
(16,300 mg/kg), arsenic (12.2 mg/kg), barium (4,550 mg/kg), calcium (184,000 mg/kg),
chromium (1,830 mg/kg), cobalt (78.3), copper (1,390 mg/kg), iron (27,000 mg /kg),
magnesium (17,900 mg/kg), manganese (5,370 mg/ kg), nickel (3,590 mg/kg), potassium
(2,580 mg/kg), vanadium (92.2 mg/kg), and zinc (924 mg/kg). These metals were detected
in all 63 sediment samples collected during the fourth year of monitoring. Metals
concentrations in sediment did not exceed BHRA or HHRA I screening criteria.

PCB’s and Chlorinated Pesticides
4,4’-DDD, 4,4-DDE, 4,4’-DDT, aldrin, aroclor 1254, delta-BHC, endosulfan II, and gamma-
chlordane were detected in the sediments during the fourth year of monitoring.

Pesticides and PCBs were not identified as potential COPC in the BHRA (B&V, 1993a).
Consequently, screening criteria were not available from the BHRA for evaluation. HHRAI
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10 and non-carcinogenic screening criteria for PCBs and pesticides were not exceeded
during the fourth year of monitoring.

Aroclor 1254 was the most frequently detected PCB/pesticide compound with 18 detections
in sediment samples. The highest concentration of PCB’s and pesticides was also Aroclor
1254 which was detected in QE02-SD-1101 at 13,000 ug/kg.

Semivolatile Organics

Thirty-five semivolatile organic compounds (SVOCs) were detected during the fourth year
of monitoring. The SVOCs detected during the fourth year of monitoring are presented in
Table 5-5.

The highest semivolatile concentration was fluoranthene (160 mg/kg) which occurred in
QE07-1101 during the 1Evnt4Yr monitoring. Fluoranthene was detected in 46 sediment
samples. The average concentration for fluoranthene during the fourth year of monitoring
was 9.93 mg/kg.

Six semivolatile analytes were identified as potential contaminants of concern by exceeding
risk-based screening criteria during the fourth year of monitoring. Benzidine was identified
as a potential contaminant of concern during the first year of monitoring. However,
benzidine concentrations did not exceed the screening criteria during the second, third or
fourth years of monitoring. Indeno(1,2,3-cd)pyrene was identified as a potential
contaminant of concern during the second or fourth years of monitoring by exceeding
HHRA 10 screening criteria.

The polyaromatic hydrocarbons (PAHSs) benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, and chrysene, exceeded the BHRA screening criteria
during both fourth year monitoring events (Table 5-7). Benzo(a)pyrene and
dibenz(a,h,)anthracene exceeded the HHRA 10 screening criteria (Table 5-8). Benzo(a)-
pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene exceeded the HHRA 110
screening criteria (Table 5-9).

Benzo(a)anthracene was detected in 39 analytical samples, 13 of which exceeded BHRA 10
screening criteria of 1.6 mg/kg, and 2 of which exceeded HHRA 1 106 of 10.575 mg/kg. The
highest concentration of benzo(a)anthracene was 46 mg /kg detected in sample
QE07-SD-1101. The sample was collected during 1Evnt4Yr monitoring from 0-6 inches. The
average detected concentration of benzo(a)anthracene during the fourth year of monitoring
was 3.57 mg/kg.

Benzo(b)fluoranthene was detected in 38 analytical samples, 15 of which exceeded BHRA
10 screening criteria of 1.6 mg/kg and 3 of which exceeded HHRA 110 screening criteria
of 10.575 mg/kg. The highest concentration of benzo(b)fluoranthene was 55 mg/kg
detected in sample QE07-SD-1101, collected from Outfall F. The sample was collected
during 1Evnt4Yr monitoring from 0-6 inches. The average detected concentration of
benzo(b)fluoranthene during the fourth year of monitoring was 4.17 mg /kg.

Benzo(k)fluoranthene was detected in 39 analytical samples, 14 of which exceeded BHRA
106 screening criteria of 1.6 mg/kg. Benzo(k)fluoranthene concentrations did not exceed
HHRA I screening criteria. The highest concentration of benzo(k)fluoranthene was 59
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mg /kg detected in sample QE07-5D-1101, collected from Outfall F. The sample was
collected the during 1Evnt4Yr monitoring from 0-6 inches. The average detected
concentration of benzo(k)fluoranthene during the fourth year of quarterly monitoring was
3.72 mg/kg.

Benzo(a)pyrene was detected in 41 analytical samples, 14 of which exceeded BHRA 10
screening criteria of 1.6 mg/kg, 2 of which exceeded HHRA 1107 screening criteria of 10.575
mg/kg, and 19 of which exceeded HHRA 110 screening criteria of 1.057 mg/kg. The
highest concentration of benzo(a)pyrene was 63 mg/kg detected in sample QE07-5D-1101,
collected from Outfall F. The sample was collected during 1Evnt4Yr monitoring from 0-6
inches. The average detected concentration of benzo(a)pyrene during the fourth year of
monitoring was 4.02 mg/kg.

Chrysene was detected in 40 analytical samples, 17 of which exceeded BHRA 10 screening
criteria of 1.6 mg/kg. Chrysene concentrations did not exceed HHRA T screening criteria.
The highest concentration of chrysene was 66 mg/kg detected in sample QE07-SD-1101,
collected from Outfall F. The sample was collected during 1Evnt4Yr monitoring from 0-6
inches. The average detected concentrations of chrysene during the fourth year of
monitoring was 4.83 mg/kg.

Dibenz(a,h)anthracene was detected in 24 analytical samples, 6 of which exceeded the
HHRA I 10 screening criteria of 1.057 mg/kg, and 2 of which exceeded the HHRA 110
screening criteria of 10.575 mg/kg. Dibenz(a,h)anthracene did not exceed BHRA screening
criteria. The highest concentration of dibenz(a h)anthracene was 15 mg/kg detected in
sample QE07-1101, collected from Outfall F. The sample was collected during 1Evnt4Yr
monitoring from 0-6 inches. The average detected concentration of dibenz(a,h)anthracene
during the fourth year of monitoring was 1.61 mg/kg.

Figure 5-1 illustrates the sample locations where exceedances of BHRA 10 screening
criteria occurred in 0-6 inch sediment samples, during the fourth year of monitoring.
Figures 5-2a through 5-2n present graphs of temporal PAH concentrations by stream
segment for the first four years of monitoring. The graphs illustrate the sediment
concentrations at 0-6 inches for the five PAHs which exceeded BHRA screening criteria in
every sampling event (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, and chrysene). Graphs are presented only for those segments in
which exceedance of the BHRA PAH screening criteria occurred during the first, second,
third and/or fourth years of monitoring (QE01-QE10, and QW02-QWO05). The graphs
illustrate that typically the detected PAH concentrations follow the same trend (e.g., an
increase in one PAH compound is associated with increases in the other detected PAH
compounds).

The graphs also illustrate that the sampling event with the highest concentration of the
PAHs varies between the sampling segments. This relationship suggests that multiple
origins for the PAHs could exist. For example, during the second year of monitoring many
of the highest PAH concentrations occurred in segment QE03 (Outfall G). However, during
the third and fourth years of monitoring many of the highest PAH concentrations occurred
in segment QEQ7 (Outfall F).
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The following discussion presents a summary of peak discharges, and possible trends in the
PAH data observed in Figure 5-2a through 5-2n over the first four years of monitoring. The
summary presented below is relevant to BHRA screening criteria and analyte
concentrations in sediments 0-6 inches bgs.

QEO01 shows the highest PAFH concentrations occurred during the 1Qtr1Yr, 1Qtr2Yr, and
4Qtr2Yr monitoring events. PAH concentrations did not exceed screening criteria
during the fourth year of monitoring.

QE02 and QE03 show no apparent trends from the first to second year monitoring
among quarters. At QE03, PAH concentrations peaked during the 2Qtr2Yr monitoring
event. At QE02, two peaks in PAH concentrations occurred, during the 3Qtr1Yr, and
4Qtr2Yr monitoring events. PAH concentrations during the third and fourth years of
monitoring remained relatively low. Sediments along Outfall G are shallow in most
locations. The peaks in location may be also related to the availability of depositional
sediments. Although peaks from QE02 and QE03 do not occur during the same
monitoring events, peaks may be related to spill events, and the depositional
characteristics of each sample location.

QE04 showed a peak concentration of PAHs during the 3Qtr1Yr monitoring event.
Sediments at QE04 consist of large smooth gravel. Depositional sediment is not present
in this stream segment. PAH concentrations did not exceed BHRA screening criteria
during the third or fourth years of monitoring.

QEO05 showed a spike in PAH concentrations during the 4Qtr1Yr monitoring events.
PAH concentrations did not exceed BHRA screening criteria during the third or fourth
years of monitoring.

QE06 shows the highest PAH concentrations at the third and fourth quarter sample
locations during the first two years of monitoring. During the third year of monitoring,
PAH concentrations peaked during the first monitoring event (equivalent to the third
quarter location), and decreased during the second monitoring event (fourth quarter
location). The concentrations decreased from the first to second year of monitoring,
increased during the third year monitoring, and decreased again during fourth year
monitoring. The sediments at these sample locations are highly organic, and the creek is
marshy.

QE07 shows peak concentrations during the 1Qtr2Yr and 1Evnt4Yr monitoring events.
PAH concentrations peaked during the first monitoring event (first quarter location),
and decreased during the second monitoring event (third quarter location) during the
third year of monitoring. During the third and fourth years of monitoring, the highest
concentrations of benzo(b)fluoranthene, benzo(a)pyrene, and chrysene were detected in
segment QE07 during the 1Evnt3Yr and 1Evnt4Yr monitoring events.

QEO08 shows the highest PAH concentrations occurred at the third quarter sample
location during the first two years of monitoring. During the third and fourth years of
monitoring, the highest concentrations of PAHs detected in segment QE08 during the
2Evnt3Yr and 2Evnt4Yr monitoring events (third quarter location).
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e QE09 PAH concentrations did not exceed screening criteria until the 2Evnt3Yr
monitoring event (third quarter location). The exceedance only occurred for chrysene.
During the fourth year of monitoring, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, and chrysene exceeded screening criteria.

e QE10 PAH concentrations only exceeded screening criteria during the 4Qtr1Yr
monitoring event. Prior to and since that time, PAH concentrations have been very low.

e QW02 and QW03 peak PAH concentrations occurred during the 1Qtr2Yr sampling
event.

e QW04 peak PAH concentrations occurred during the 3Qtr2Yr monitoring event.

e (QWO5 PAII concentrations peaked, and exceeded screening criteria during the 1QtrlYr,
30Qtr1Yr, and 1Evnt3Yr (first quarter location) monitoring events. PAH concentrations
were very low during the second year of monitoring. During the fourth year of
monitoring, the highest concentrations of PAHs were detected in segment QW05 during
the 1Evnt4Yr monitoring event.

Figures 5-3a through 5-3j present the upstream to downstream concentration gradient of
PAHs (benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
and chrysene) in 0-6 inch bgs sediment samples by event for East Soldier Creek. Similarly,
Figures 5-4 a through 5-4j present the upstream to downstream concentration gradient of
PAHs in 0-6 inch bgs sediment samples for West Soldier Creek.

The figures illustrate that concentrations of analytes decrease off-base as compared to
on-base. Exceedances of 10 screening criteria (BHRA and HHRA I) have occurred during
the 3Qtr1Yr and 1Evnt3Yr monitoring events on an off-base portion of West Soldier Creek
(QWO05). Exceedances of 10 screening criteria (BHRA) have occurred during the 4Qtr1Yr
monitoring event on a off-base portion of East Soldier Creek (QE10). Analytical results from
the downstream most segments of both East and West Soldier Creek (QE11, and QWO06) did
not exceed BHRA or HHRA I screening criteria during any sampling event.

The primary source of release of PAHs to the environment occurs as a result of combustion
emissions. Discharges may also occur from spills of fuel oils, gasoline, etc., or from runoff
from sources such as roadways, asphalt parking lots, or railroad ties.

Volatiles

Thirteen volatile compounds (VOCs) were detected in sediment samples during the fourth
year of monitoring. The VOCs detected during the fourth year of monitoring are presented
in Table 5-5. Volatile concentrations in sediment did not exceed BHRA or HHRA I
screening criteria.

The most frequently detected volatile compound was acetone. Acetone was detected in 51
analytical samples with a maximum concentration of 0.57 mg/kg and average concentration
of 0.047 mg/kg. The highest concentration of acetone was detected in the sediment sample
from QE09-SD-1202, collected from below the pond on East Soldier Creek. The sample was
collected during 2Evnt4Yr monitoring from 6-12 inches.

\SOONER\PROJECT\151452. TT.MR - SOLDIER CREEKWYR FINALANNLRPT3.DOC
56



FINAL FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
January 2000

5.2.2 Surface Water

A total of 30 (16 during 1Evnt4Yr and 14 during 2Evnt4Yr) surface water samples were
collected during the fourth year of monitoring. The number of surface water samples varied
each event due to the intermittent nature of the streams. Sample locations at segments
QWO01, through QW04, were not sampled during the second event due to the excavation
and concrete lining of the channel. The sample location at Tributary B was dry during both
monitoring events.

Appendix B contains tables, which summarize analyte detections by monitoring event.
Table 5-11 presents the frequency of detection, maximum, minimum, and average
concentrations of analytes detected in surface water samples. Statistical summaries were
calculated based on detected concentrations in analytical samples excluding detections in
QA /QC samples and non-detects. The sample location at which the maximum
concentration of an analyte was detected is presented in Table 5-12. Table 5-13 presents a
comparison of maximum analyte concentrations of the surface water samples for each
monitoring event of the first four years of monitoring to the maximum RI analytical results.

Metals

Twenty-four total metals were detected during the fourth year of monitoring. Total metals
detected in surface water by Method 6010/ 6020/7740 were: aluminum, antimony, arsenic,
barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, molybdenum, nickel, potassium, selenium, silver, sodium, thallium,
vanadium, and zinc.

The most frequently detected total metals and their maximum concentrations were
aluminum (0.88 mg/L), barium (0.52 mg/L), calcium (62.9 mg /L), chromium (0.025 mg/L),
cobalt (0.00089 mg/L), copper (0.14 mg/L), iron (1.2 mg/L), magnesium (26.5 mg/L),
manganese (0.16 mg/L), molybdenum (0.011 mg /L), nickel (0.036 mg/L), potassium (4.7
mg /L), selenium (0.0039 mg/L), sodium (36.3 mg /L), vanadium (0.016 mg/L), and zinc
(0.079 mg/L). These metals were detected in all 30 surface water samples collected during
the fourth year of monitoring.

The highest total metal concentration was calcium (62.9 mg/L) from sample QW07-SW-
1201. The sample was collected during the 2Evnt4Yr monitoring. The average
concentration of calcium from the fourth year of monitoring was 46.63 mg/L.

Twenty dissolved metals were detected during the 1Evnt4Yr monitoring. Dissolved metals
detected in surface water by Method 6010 /6020 were: aluminum, antimony, barium,
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese,
molybdenum, nickel, potassium, selenium, silver, sodium, vanadium, and zinc.

The most frequently detected dissolved metals and their maximum concentrations were
barium (0.42 mg/L), calcium (69.2 mg/L), chromium (0.025 mg/L), cobalt (0.00058 mg /L),
copper (0.061 mg/L), magnesium (26.4 mg/L), manganese (0.14 mg/L), nickel (0.33 mg/L),
selenium (0.0033 mg /L), sodium (26.4 mg/L), vanadium (0.017 mg/L), and zinc (0.065
mg/L). These metals were detected in all 16 surface water samples collected during
1Evnt4Yr monitoring,.
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The highest dissolved metal concentration was calcium (69.2 mg/L) from sample QW07-
SW-1101. The sample was collected during 1Evnt4Yr monitoring. The average
concentration of dissolved calcium from the fourth year of monitoring was 53.11 mg /L.

Total arsenic was reported as 0.0061 mg/L in sample QWO06-SW-1201, collected during the
2Evnt4Yr monitoring. The reported value exceeds the HHRA 110 screening criteria of
0.0044 mg/L. Arsenic was also detected in the associated laboratory blank and the result
was qualified as non-detect (ND). Therefore, no total or dissolved metals concentrations
exceeded BHRA or HIRA I screening criteria in surface water samples during the fourth
year of monitoring.

PCBs and Chlorinated Pesticides

Dieldrin and Heptachlor were detected in surface water during the fourth year of
monitoring. Dieldrin was detected in one surface water sample at QE07-SW-1201
(0.029 ug/L), collected from Outfall F. The sample was collected during 2Evnt4Yr
monitoring. Heptachlor was detected in one surface water sample at QEO07-5W-1201
(0.024 ug/L), collected from Outfall F. The sample was also collected during 2Evnt4Yr
monitoring.

PCB and pesticide concentrations did not exceed BHRA or HHRA I risk based screening
criteria in surface water.

Semivolatiles

Bis(2-Ethylhexyl)phthalate and Di-n-butyl phthalate were detected in surface water during
the fourth year of monitoring. Bis(2-Ethylhexyl)phthalate was detected in four surface
water samples. The maximum concentration of bis(2-Ethylhexyl)phthalate (0.14 mg/L)
occurred at QE02-SW-1201, collected from Outfall G during 2Evnt4Yr monitoring. This
sample exceeded the HHRA I 10 screening criteria of 0.0967 mg/L for bis(2-
Ethylhexyl)phthalate The average detected concentration of bis(2-Ethylhexyl)phthalate
during the fourth year of monitoring was 0.037 mg/L.

Volatiles

Four VOCs were detected in surface water during the fourth year of monitoring. The VOCs
detected during the fourth year of monitoring are acetone, bromoform, methylene chloride,
and tetrachloroethene.

The highest VOC concentration was acetone (0.0051 mg /L) detected in sample QW07-SW-
1101. This sample was collected during 1Evnt4Yr monitoring. The average surface water
concentration of acetone detected during the fourth year of monitoring was 0.0028 mg/L.

Methylene chloride was the most frequently detected VOC, being reported in 21 surface
water samples. The highest concentration of methylene chloride was 0.0031 mg /L detected
in sample QW04-SW-1101, collected from on-base West Soldier Creek during 1Evnt4Yr
monitoring. The average surface water concentration of methylene chloride detected during
the fourth year of monitoring was 0.0017 mg/L.

Volatiles concentrations in surface water did not exceed BHRA or HHRA I risk based
screening criteria.
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Wet Chemistry

Surface water samples were analyzed for the following wet chemistry parameters:
alkalinity, chemical oxygen demand, hardness, total dissolved solids, total organic carbon,
total suspended solids, chloride, and sulfate. Results of wet chemistry analysis are
presented in Table B-7 and Table B-8 in Appendix B.
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TABLES
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TABLE 5-1
CARCINOGENIC AND NON-CARCINOGENIC
BASELINE HEALTH RISK ASSESSMENT (BHRA) SCREENING CRITERIA FOR SEDIMENT

Compound Name | Non-Caracinogenic ] Carcinogenic 10-6 | Carcinogenic 10-4
Inorganics (mg/kg)

Arsenic 2.10E+06

Mercury 6.20E+05

Barium 1.40E+08

Cadmium 1.00E+06

Chromium 1.00E+07

Manganese 2.10E+08

Nickel 4.10E+07

Silver 6.20E+06

Vanadium 1.40E+07

Zinc 4. 10E+08

Semivolatile Organics (ug/kg)

1,2-Dichlorobenzene 7.90E+08

1,4-Dichlorobenzene 1.00E+06 1.00E+08
2,4-Dimethylphenol 1.80E+08

2-Methylphenol 4.40E+08

3/4-Methylphenol 4.40E+08

Acenaphthene 3.80E+07

Anthracene 1.90E+08

Benzo(a)anthracene 1.60E+03 1.60E+05
Benzo(a)pyrene 1.60E+03 1.60E+05
Benzo(b)fluoranthene 1.60E+03 1.60E+05
Benzo(k)fluoranthene 1.60E+03 1.60E+05
bis(2-Ethylhexyl)*phthalate 1.30E+07 1.00E+05 1.00E+07
Butyl benzyl phthalate 1.30E+08

Chrysene 1.60E+03 1.60E+05
Dibenz(a,h)anthracene 1.20E+05 1.20E+07
Fluoranthene 2.50E+07

Fluorene 2.50E+07

Indeno(1,2,3-cd)pyrene 1.20E+05 1.20E+07
Naphthalene 2.50E+06

Pyrene 1.90E+07

Volatile Organics (ug/kg)

Acetone 4.10E+07

Benzene 3.30E+04 3.30E+06
Carbon disulfide 5.70E+08

Chlorobenzene 8.30E+06

Chloroform 4.10E+06 1.60E+05 1.60E+07
cis-1,2-Dichloroethene

Ethylbenzene 5.70E+08

Methylene chloride 2.50E+07 1.30E+05 1.30E+07
Tetrachloroethene 4.10E+06 1.90E+04 1.90E+06
Toluene 8.30E+07

trans-1,2-Dichloroethene

Trichloroethene 1.40E+006 1.40E+08
Vinyl acetate 5.70E+09

Xylenes (total) 8.30E+08
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TABLE 5-2
CARCINOGENIC AND NON-CARCINOGENIC
BASELINE HEALTH RISK ASSESSMENT (BHRA) SCREENING CRITERIA FOR SURFACE WATER

Compound Name I Non-Caracinogenic | Carcinogenic 10-6 Carcinogenic 10-4 I
Inorganics (mg/L)

Arsenic 8. 10E+00

Barium 2.50E+02

Beryllium 1.501:+02

Cadmium 2. 10E+00

Chromium {.10E+01

Manganese 3.50E+02

Nickel 6.20E+01

Silver 3.50E+02

Vanadium 5.60E+02

Zinc 1.30E+03

Semivolatile Organics (ug/L)

Benzoic acid 1.00E+05

Chrysene 1.20E+03 1.20E+05
Fluoranthene 2.20E+04

Pyrene 5.90E+06

Volatile Organics (ug/L)

1,1,1-Trichloroethane 1.10E+05

Acetone 5.00E+05

Benzene 2.00E+01 2.00E+03
Bromodichloromethane 8.40E+05 1.70E+03 1.70E+05
Bromoform 1.90E+06 3.30E+04 3.30E+06
Carbon disulfide 5.30E+03

Chlorobenzene 1.30E+04

Chloroform 2.00E+04 7.60E+02 7.60E+04
cis-1,2-Dichloroethene

Dibromochloromethane [.30E+06 2.00E+03 2.00E+05
Methylene chloride 1.70E+05 8.90E+02 8.90E+04
Tetrachloroethene 5.70E+04 3.10E+02 3.10E+04
Toluene 5.60E+03

trans- 1,2-Dichloroethene

Trichloroethene 2.80E+02 2.80E+04
Xylenes (total) 1.10E+07

tinker/146273-5003/Annual_Rpt/Tab5risk.xlw/BHRA_SW 01/25/2000 1ofl
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TABLE 5-5
STATISTICAL EVALUATION OF ANALYTES DETECTED IN SEDIMENT SAMPLES
FOURTH YEAR LONG-TERM MONITORING

COMPOUND NAME NumOfResult | MinOfResult | MaxOfResult | AvgOfResult
PCBs & Pesticides (ug/kg)

4.4’-DDD 2 5.4 5.7 5.55
4.4’ -DDE 1 100 100 100
4.4 -DDT 2 0.92 14 7.46
Aldrin 1 110 110 110
Aroclor 1254 18 25 13000 2846.33
delta-BHC 1 2 2 2
Endosulfan II 2 5.7 590 297.85
gamma-Chlordane ] 25 25 25
Semivolatile Organic Compounds (mg/kg)

1.2-Dichlorobenzene 0 0.073 11 2.3905
1,3-Dichlorobenzene 2 0.15 1.1 0.625
1,4-Dichlorobenzene 5 0.1 6.3 1.508
1-Chloronaphthalene 9 0.05 38 5.49
2.4-Dimethylphenol 1 0.062 0.062 0.062
2-Chloronaphthalene 7 0.078 0.71 0.27
2-Methylnaphthalene 8 0.043 1.6 0.25625
2-Methylphenol | 0.083 0.083 0.083
Acenaphthene 18 0.042 24 0.66
Acenaphthylene 4 0.048 0.09 0.0625
Acetophenone l 0.53 0.53 0.53
Anthracene 28 0.048 12 1.43
Azobenzene 1 0.053 0.053 0.053
Benzidine 3 0.089 0.11 0.10
Benzo(a)anthracene 39 0.047 46 3.57
Benzo(a)pyrene 41 0.042 63 4.02
Benzo(b)fluoranthene 38 0.049 55 4.17
Benzo(g,h,i)perylene 39 0.048 60 3.89
Benzo(k)fluoranthene 39 0.052 59 3.72
Benzoic acid 1 1.8 1.8 1.8
bis(2-Ethylhexyl)phthalate 42 0.043 16 2.03052381
Butyl benzyl phthalate 1 0.068 0.068 0.068
Chrysene 40 0.057 66 4.83
Di-n-butyl phthalate 3 0.053 0.47 0.193666667
Di-n-octyl phthalate 2 0.13 0.51 0.32
Dibenz(a,h)anthracene 24 0.074 15 1.014
Dibenz(a,j)acridine 4 0.085 0.94 0.371
Dibenzofuran 11 0.15 1.4 0.463636364
Fluoranthene 46 0.044 160 9.93
Fluorene 20 0.049 4.2 0.82615
Indeno(1,2,3-cd)pyrene 39 0.05 49 3.32
Naphthalene 20 0.044 94 1.71
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TABLE 5-5
STATISTICAL EVALUATION OF ANALYTES DETECTED IN SEDIMENT SAMPLES
FOURTH YEAR LONG-TERM MONITORING

COMPOUND NAME NumOfResult | MinOfResult | MaxOfResult | AvgOfResult
Phenanthrene 39 0.054 70 5.53
Phenol 2 0.040 0.080 0.060
Pyrene 44 0.042 120 7.50
Total Metals (mg/kg)

Aluminum 63 545 16300 5101.67
Antimony 13 2.5 74 4.2
Arsenic 03 0.28 12.2 2.65
Barium 63 34.7 4550 552.03
Beryllium 53 0.14 1.2 0.50
Cadmium 51 0.35 291 29.80
Calcium 63 914 184000 27092.78
Chromium 63 2.2 1830 191.33
Cobalt 63 1.3 78.3 7.67
Copper 63 1.2 1390 106.72
Iron 63 896 27000 9825.49
Lead 58 4.3 1280 89.05
Magnesium 63 347 17900 3924.83
Manganese 63 20.5 5370 454.95
Mercury 47 0.0084 2.9 0.31
Molybdenum 38 0.9 97.3 11.11
Nickel 63 4.5 3590 161.54
Potassium 63 97.6 2580 697.20
Selenium 33 0.37 32 1.22
Silver 34 0.45 236 13.78
Sodium 15 102 1280 242.8
Thallium 33 0.43 61.8 18.33
Vanadium 63 2.9 92.2 22.23
Zinc 63 2.4 924 130.69
Volatile Organic Compounds (mg/kg)

2-Butanone (MEK) 7 0.012 0.062 0.030
Acetone 51 0.0028 0.57 0.047
Acrylonitrile 1 0.014 0.014 0.014
Carbon disulfide 5 0.0017 0.01 0.0054
Chlorobenzene 18 0.0018 20 1.46
Dichlorodifluoromethane 2 0.0031 0.0043 0.0037
Ethyl methacrylate 1 0.0074 0.0074 0.0074
Ethylbenzene 4 0.0026 0.06 0.021
Methylene chloride 30 0.0012 0.009 0.003
Tetrachloroethene 1 0.0022 0.0022 0.0022
Toluene 3 0.0013 0.0025 0.0019
Trichlorofluoromethane 2 0.002 0.0035 0.00275
Xylenes (total) 5 0.0014 0.0094 0.00416
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TABLE 5-6
MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATION
FOR ANALYTES DETECTED IN SEDIMENT SAMPLES

FOURTH YEAR LONG-TERM MONITORING

DETECTION DATE
COMPOUND NAME SAMPLE_ID RESULT LIMIT % WATER | FOOTNOTES| COLLECTED
PCBs & Pesticides (ug/kg)
4,4’-DDD QE04-SD-1201 5.7 4.2 22 07/22/98
4,4’-DDE QE02-SD-1201 100 43 24 07/23/98
4.4 -DDT QWO07-SD-1201 14 4.4 25 07/20/98
Aldrin QEO02-SD-1201 110 22 24 07/23/98
Aroclor 1254 QE02-SD-1101 13000 2400 30.1 01/23/98
delta-BHC QW04-SD-1101 2 2.2 22 M 01/20/98
Endosulfan 11 QE02-SD-1201 590 43 24 07/23/98
gamma-Chlordane QE02-SD-1201 25 22 24 07/23/98
Semivolatile Organic Compounds (mg/kg)
1,2-Dichlorobenzene QE09-SD-1202 Il 1.5 14 07/21/98
1,3-Dichlorobenzene QE09-SD-1202 1.1 1.5 14 J 07/21/98
1,4-Dichlorobenzene QE09-SD-1202 6.3 1.5 14 07/21/98
I-Chloronaphthalene QE07-SD-1101 38 130 23.1 J 01/21/98
2,4-Dimethylphenol QE09-SD-1101 0.062 0.47 30.3 J 01/21/98
2-Chloronaphthalene QEO08-SD-1202 0.71 0.42 22 07/21/98
2-Methylnaphthalene QEO08-SD-1202 1.6 0.42 22 07/21/98
2-Methylphenol QE09-SD-1101 0.083 0.47 30.3 J 01/21/98
Acenaphthene QE07-SD-1101 2.4 17 23.1 J 01/21/98
Acenaphthylene QE02-SD-1201 0.09 0.43 24 J 07/23/98
Acetophenone QWO03-SD-1101 0.53 0.49 32.9 01/20/98
Anthracene QEO07-SD-1101 12 17 23.1 J 01/21/98
Azobenzene QE09-SD-1101 0.053 0.47 30.3 J 01/21/98
Benzidine QW03-SD-1101 0.11 49 32.9 J 01/20/98
Benzo(a)anthracene QE07-SD-1101 46 17 23.1 01/21/98
Benzo(a)pyrene QEO07-SD-1101 63 17 23.1 01/21/98
Benzo(b)fluoranthene QEO07-SD-1101 55 17 23.1 01/21/98
Benzo(g,h,i)perylene QEO07-SD-1101 60 17 23.1 01/21/98
Benzo(k)fluoranthene QEQ7-SD-1101 59 17 23.1 01/21/98
Benzoic acid QWO03-SD-1101 1.8 2.4 329 J 01/20/98
bis(2-Ethylhexyl)phthalate| QE02-SD-1101 16 1.9 30.1 01/23/98
Butyl benzyl phthalate QWO05-SD-1101 0.068 0.41 19.9 J 01/19/98
Chrysene QEO07-SD-1101 66 17 23.1 01/21/98
Di-n-butyl phthalate QWO02-SD-1101 0.47 0.46 27.6 01/20/98
Di-n-octyl phthalate QEO02-SD-1101 0.51 1.9 30.1 J 01/23/98
Dibenz(a,h)anthracene QEO07-SD-1101 15 17 23.1 J 01/21/98
Dibenz(a,j)acridine QEO07-SD-1102 0.94 17 21.6 J 01/21/98
Dibenzofuran QE07-SD-1102 1.4 8.4 21.6 J 01/21/98
Fluoranthene QE07-SD-1101 160 17 23.1 01/21/98
Fluorene QEQ7-SD-1101 4.2 17 23.1 J 01/21/98
Indeno(1,2,3-cd)pyrene QE07-SD-1101 49 17 23.1 01/21/98
Naphthalene QEO07-SD-1102 9.4 8.4 21.6 01/21/98
Naphthalene QE07-SD-1101 9.4 17 23.1 J 01/21/98
Phenanthrene QE07-SD-1101 70 17 23.1 01/21/98
Phenol QWO03-SD-1101 0.086 0.49 329 ] 01/20/98
Pyrene QE07-SD-1101 120 17 23.1 01/21/98
Total Metals (mg/kg)
Aluminum QWO01-SD-1101 16300 12.7 21.4 01/20/98
Antimony QE07-SD-1102 7.4 7.7 21.6 J 01/21/98
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TABLE 5-6
MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATION
FOR ANALYTES DETECTED IN SEDIMENT SAMPLES

FOURTH YEAR LONG-TERM MONITORING

DETECTION DATE

COMPOUND NAME SAMPLE_ID RESULT LIMIT % WATER | FOOTNOTES| COLLECTED
Arsenic QWO05-SD-1201 12.2 6 16 07/20/98
Barium QE11-SD-1101 4550 1.2 16 01/20/98
Beryllium QWO07-SD-1103 1.2 0.25 19.3 01/21/98
Cadmium QEO07-SD-1201 291 0.72 31 07/22/98
Calcium QEQ07-SD-1103 184000 489 18.1 01/21/98
Chromium QEQ07-SD-1102 1830 1.3 21.6 01/21/98
Cobalt QWO03-SD-1102 78.3 1.6 38.6 01/20/98
Copper QE03-SD-1101 1390 2.8 29.7 01/23/98
Iron QE02-SD-1101 27000 14.3 30.1 B 01/23/98
Lead QEO03-SD-1101 1280 7.1 29.7 01/23/98
Magnesium QWO06-SD-1201 17900 23.5 15 07/20/98
Manganese QEO02-SD-1101 5370 1.4 30.1 01/23/98
Mercury QE09-SD-1202 2.9 0.38 14 07/21/98
Molybdenum QWO03-SD-1102 97.3 33 38.6 01/20/98
Nickel QE02-SD-1101 3590 5.7 30.1 01/23/98
Potassium QWOI1-SD-1101 2580 636 214 01/20/98
Selenium QEO03-SD-1101 3.2 0.71 29.7 q 01/23/98
Silver QWO03-SD-1102 236 1.6 38.6 01/20/98
Sodium QWO07-SD-1103 1280 620 19.3 01/21/98
Thallium QEO08-SD-1101 61.8 432 53.7 J 01/22/98
Vanadium QEO03-SD-1101 9.2 1.4 29.7 01/23/98
Zinc QWO03-SD-1102 924 33 38.6 01/20/98
Volatile Organic Compounds (mg/kg)

2-Butanone (MEK) QEO08-SD-1101 0.062 0.022 53.7 01/22/98
Acetone QE09-SD-1202 0.57 2.9 14 JB 07/21/98
Acrylonitrile QE06-SD-1103 0.014 0.13 21.5 J 01/22/98
Carbon disulfide QE02-SD-1101 0.01 0.036 30.1 J 01/23/98
Chlorobenzene QE09-SD-1202 20 1.4 14 07/21/98
Dichlorodifluoromethane |[QEO08-SD-1101 0.0043 0.043 53.7 J 01/22/98
Ethyl methacrylate QWO03-SD-1102 0.0074 0.033 38.6 J 01/20/98
Ethylbenzene QE07-SD-1102 0.06 0.0064 21.6 01/21/98
Methylene chloride QEO08-SD-1103 0.009 0.032 21.1 JB 01/22/98
Tetrachloroethene QEO08-SD-1101 0.0022 0.011 53.7 J 01/22/98
Toluene QEO08-SD-1101 0.0025 0.011 53.7 J 01/22/98
Trichlorofluoromethane |QEO08-SD-1101 0.0035 0011 53.7 J 01/22/98
Xylenes (total) QEO08-SD-1101 0.0094 0.011 53.7 J 01/22/98
Trichlorofluoromethane  |QEO08-SD-1101 0.0035 0.011 53.7 J 01/22/98
Xylenes (total) QEO08-SD-1101 0.0094 0.011 53.7 J 01/22/98
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TABLE 5-7
EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA
TO A DEPTH OF ONE FOOT

tinker/146273-5003/Annual_RpuTub5trid xis/BHRA 01/25/2000

10°¢ 1Qtr1Yr 2QtrlYr 3Qtr1Yr 4Qtr1Yr 1Qtr2Yr 2Qtr2Yr 3Qtr2Yr 4Qtr2Yr 1Evnt3Yr 2Evnt3Yr 1Evntd4Yr 2EvntdYr
Sample | Sampling Analyte Screening Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 Mar 1996 May 1996 Aug 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/ke) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
QEO0! 0-0.5 Benzo(a)anthracene 1,600 2,900 1,600 2,000 ND 2,800 640 710 3,300 1.900) 430 300 ND
Benzo(a)pyrene 1,600 2,200 1,100 ©2.200 ND 2,400 670 600 3,000 1.500 540 300 ND
Benzo(b)fluoranthene 1,600 6,100 2,600 -4,000 ND 9.700 1,500 1.000 5,600 1.209 460 250 ND
Benzo(k)fluoranthene 1,600 ND ND ND ND ND ND 410 ND 1,400 530 270 ND
Chrysene 1,600 CUS2000 900 ¢ -2.200 ND 2,300 980 860 4,100 2.000 680 350 ND
QEO01 0.5-1.0  |Benzo(a)anthracene 1,600 NS NS NS NS NS NS NS NS NS NS NS 10,000
Benzo(a)pyrene 1,600 NS NS NS NS NS NS NS NS NS NS NS 7,200
Benzo(b)fluoranthene 1,600 NS NS NS NS NS NS NS NS NS NS 7,300
Benzo(k)fluoranthene 1,600 NS NS NS NS NS NS NS 5,900
Chrysene 1,600 NS NS NS NS NS NS NS 000
QE02 0-0.5  |Benzo(a)anthracene 1,600 1,100 750 530 2,600 16,000 T 1600 4400 100
Benzo(a)pyrene 1,600 930 720 . 00 ; 420 3,000 14,000 B _ooo : A,AOO : 0.
Benzo(b)fluoranthene 1,600 2,000 L600 : 83000 ) L7000 4,900 27,000 700 © 3600 000
Benzo(k)fluoranthene 1,600 ND ND S15,000 55000 ND ND ND 1,400 B w,qoo : : _,.NOO
Chrysene 1,600 1,100 860 800 13,300 18,000 2,200 5,000 2,500
QEO02 0.5-1.0 Benzo(a)anthracene 1,600 NS NS NS NS 1,400 NS
Benzo(a)pyrene 1,600 NS NS NS NS 1,300 NS
Benzo(b)fluoranthene 1,600 NS NS NS NS 1,000 NS
Benzo(k)fluoranthene 1,600 NS NS NS NS 1,200 NS
Chrysene 1,600 NS NS NS NS 700 NS
QEO3 0-0.5 Benzo(a)anthracene 1,600 130 1,500 LTES,000: 13,000 RERnLS 1,300 83
Benzo(a)pyrene 1,600 210 1,300 12,000 :boo s 000 05,9000 1,300 120
Benzo(b)fluoranthene 1,600 430 ND S21,000 14,000 LA 6,600 2,000 120
Benzo(k)fluoranthene 1,600 ND 2,800 ND 7400 1004900 ND 92
Chrysene 1,600 200 SEB00 U000 L5000 900 20000 130
QEO03 0.5-1.0  |Benzo(a)anthracene 1,600 NS NS NS S 3000 NS NS
Benzo(a)pyrene 1,600 NS NS NS 6,200 NS NS
Benzo(b)fluoranthene 1,600 NS NS NS 9,300 - NS NS
Benzo(k)fluoranthene 1,600 NS NS NS ND NS NS
Chrysene 1,600 NS NS NS 7,200 NS NS
QEO04 0-0.5 Benzo(a)anthracene 1,600 42 NS 240 ND 520 150 ND
Benzo(a)pyrene 1,600 ND NS 230 ND 470 170 ND
Benzo(b)fluoranthene 1,600 140 NS 520 ND 490 160 ND
Benzo(k)fluoranthene 1,600 ND NS ND ND 470 180 ND
Chrysene 1,600 93 NS 300 ND 73G 180 ND
QEO05 0-0.5  |Benzo(a)anthracene 1,600 81 680 1,600 1,100 180 530 130 1,200 ND 1,100
Benzo(a)pyrene 1,600 84 690 1,300 910 170 590 15C 940 ND 960
Benzo(b)fluoranthene 1,600 180 SL600 2200 L7000 360 1,200 180 1,000 ND 880
Benzo(k)fluoranthene 1,600 ND ND ND ND ND ND 156 1,300 ND 940
Chrysene 1,600 130 870 1,800 1,200 240 810 230 1,300 ND 1,400
QEO05 0.5-1.0  |Benzo(a)anthracene 1,600 NS NS NS NS NS NS NS NS NS 1,400
Benzo(a)pyrene 1,600 NS NS NS NS NS NS NS NS NS 1,300
Benzo(b)fluoranthene 1,600 NS NS NS NS NS NS NS NS NS 1,500
Benzo(k)fluoranthene 1,600 NS NS NS NS NS NS NS NS NS 1,300
Chrysene 1,600 NS NS NS NS NS NS NS NS NS 600
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TABLE 5-7

EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10" SCREENING CRITERIA

TO A DEPTH OF ONE FOOT

10° 1QtriYr 2Qtrl1Yr 3Qtr1Yr 4Qtrl1Yr 1Qtr2Yr 20tr2Yr 30Qtr2Yr 4Qtr2Yr 1Evnt3Yr 2Evnt3Yr 1EvntdYr 2Evnt4Yr
Sample | Sampling Analyte Screening Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 Mar 1996 May 1996 Aug 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/ke) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
QE06 0-0.5 Benzo(a)anthracene 1,600 1,100 130 ~ 8,100 ©8,200 1.700 2,200 S2.200 3.900 5400 1.500 2.600 2.600
Benzo(a)pyrene 1,600 920 100 7,400 8,800 1.500 1.900 2,100 3,300 6,80 1,400 3,000 2,500
Benzo(b)fluoranthene 1,600 2,000 10,000 9,800 2,800 3,700 4,200 6.900 8,800 2,100 2,300 2.800
Benzo(k)fluoranthene 1,600 ND Co 4700 9,300 . ND ND ND ND L 7,000 2.000 2.800 2,100
Chrysene 1,600 1,200 9300 11,000 | 1900 - 2,700 2600 5,300 9300 2.200 3,700 3500
QEO06 0.5-1.0  |Benzo(a)anthracene 1,600 | 15,000 4900 830 1,300 1,300 1,100 , 1,600 2900 - 1,300 -5,000: 2,100
Benzo(a)pyrene 1,600 14,000 6,000 1,200 1,100 1,500 1,000 1,500 ND 1,500 5700
Benzo(b)fluoranthene 1,600 128,000 SAL000: 1,800 - ND 2,600 Noco o m,on wboo S 2,300 Pmoo .
Benzo(k)fluoranthene 1,600 ND ~ ND ND 2,100 ND ND ND 2800 | 18000 | 4300
Chrysene 1,600 19,000 6,600 1,300 1,400 1,800 1,300 20200 4000 2300 | 4700
QE07 0-0.5  |Benzo(a)anthracene 1,600 1,100 ol 2300 720 000 2,100 1,000 9,160 540 46,000
Benzo(a)pyrene 1,600 830 L2200 670 6, 12,1000 1,000 R zboo g 540 163,000
Benzo(b)fluoranthene 1,600 | 1,600 RS P w,moo v 1,300 4,000 2,000 SR ;,OQO : 610
Benzo(k)fluoranthene 1,600 ND v ~ ND ND ND ND SRB00 490
Chrysene 1,600 1,200 L2000 2,200 0 1,000 33,0000 [ 2,700 1,400 12,000 760
QE07 0.5-1.0  {Benzo(a)anthracene 1,600 | 1,600 | 3,000 - f 4000 NS 21,000 6,200 1,300 B _
Benzo(a)pyrene 1,600 12,600 NS SE9,000 AMQO 1,400
Benzo(b)fluoranthene 1,600 RS &,mco : NS 33,0000 8,300 2,800
Benzo(k)fluoranthene 1,600 ND ND ND
Chrysene 1,600 113,300 5,900 - 1,800
QEO8 0-0.5 Benzo(a)anthracene 1,600 11,000 24,600 11000
Benzo(a)pyrene 1,600 7790 5,000 10,000
Benzo(b)fluoranthene 1,600 |74 400: 4000 19,000 “9.600" 20,000
Benzo(k)fluoranthene 1,600 ND ND ND
Chrysene 1,600 150000 5,700 12,000 -
QEO08 0.5-1.0 Benzo(a)anthracene 1,600 ND 380 1,300
Benzo(a)pyrene 1,600 ND 370 1,100
Benzo(b)fluoranthene 1,600 350 600 220000
Benzo(k)fluoranthene 1,600 ND 250 ND
Chrysene 1,600 280 ce 2800 500 S1,8000
QE09 0-0.5 Benzo(a)anthracene 1,600 870 390 90
Benzo(a)pyrene 1,600 890 340 83
Benzo(b)fluoranthene 1,600 1,500 740 140
Benzo(k)fluoranthene 1,600 ND ND ND
0-0.5 Chrysene 1,600 1,100 530 120
QEI10 0-0.5 Benzo(a)anthracene 1,600 ND NS ND
Benzo(a)pyrene 1,600 ND NS ND
Benzo(b)fluoranthene 1,600 ND NS ND
Benzo(k)fluoranthene 1,600 ND NS ND
Chrysene 1,600 ND NS ND
QW02 0-0.5 Benzo(a)anthracene 1,600 560 600 360 72 870 740
Benzo(a)pyrene 1,600 660 700 430 | 1,400 159000 91 960 1,000
Benzo(b)fluoranthene 1,600 760 1,400 810 180 1900 1,400
Benzo(k)fluoranthene 1,600 690 ND ND ND ND 910
Chrysene 1,600 850 730 520 e i 96 1,000 1,200

tinker/146273-5003/Annual_Rpt/TabStrnd.xIs/BHRA 01/25/2000

Table 5-7
20f 3




EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10°* SCREENING CRITERIA
TO A DEPTH OF ONE FOOT

TABLE 5-7

10°¢ 1Qtr1Yr 2Qtr1Yr 3QtrlYr 4Qtr1Yr 1Qtr2Yr 2Qtr2Yr 3Qtr2Yr 4Qtr2Yr 1Evnt3Yr 2Evnt3Yr 1EvntdYr 2EvntdYr
Sample | Sampling Analyte Screening Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 Mar 1996 May 1996 Aug 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ag/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
QW02 0.5-1.0 Benzo(a)anthracene 1.600 120 250 360 2.400 ND ND 97 NS ND ND NS NS
Benzo(a)pyrene 1,600 130 300 440 3,100 46 ND 96 NS ND ND NS NS
Benzo(b){luoranthene 1,600 130 580 790 4,600 ND 77 180 NS ND ND NS NS
Benzo(k)fluoranthene 1,600 130 ND ND 2,200 ND ND ND NS ND NS NS
Chrysene 1,600 160 330 440 3,900 ND ND 110 NS ND NS NS
QW03 0-0.5 Benzo(a)anthracene 1,600 110 980 ND 440 1,600 610 530 480 330 320 NS
Benzo(a)pyrene 1,600 ND 1,600 1,100 470 2,100 880 660 780 450 390 NS
Benzo(b)fluoranthene 1,600 160 23,000 2,000 860 3,700 - 1,900 1,300 820 620 330 NS
Benzo(k)fluoranthene 1,600 ND ~ ND ND ND ~ ND ND ND 850 390 380 NS
Chrysene 1,600 190 s 1700 1,100 510 2,500 910 740 720 470 420 NS
QW03 0.5-1.0 Benzo(a)anthracene 1,600 NS 44 43 360 ND 700 230 86 240 NS
Benzo(a)pyrene 1,600 NS 66 ND 340 ND 930 310 95 400 NS
Benzo(b)fluoranthene 1,600 NS ND ND 65 180 B ,qoo - 650 120 ND NS
Benzo(k)fluoranthene 1,600 NS 110 81 ND ND ND ND 100 750 NS
Chrysene 1,600 67 42 400 ND 1,100 340 130 420 NS
QW04 0-0.5  [Benzo(a)anthracene 1,600 730 1,000 520 130 3,400 110 ND NS
Benzo(a)pyrene 1,600 1,100 1,300 480 200 3,600 120 ND NS
Benzo(b)fluoranthene 1,600 20100 ~ND , 790 350 L 7,000 110 ND NS
Benzo(k)fluoranthene 1,600 R : ND S A0 ND ND ND 120 ND NS
Chrysene 1,600 |0 3,000 1,200 630 190 4100 150 ND NS
QW04 05.-1.0  |Benzo(a)anthracene 1,600 1,100 . 1,200 350 120 1,100 97 ND NS
Benzo(a)pyrene 1,600 1,500 ,100 1,300 380 210 1,000 120 ND NS
Benzo(b)fluoranthene 1,600 2200 6,000 112,200 ND 390 1,800 120 120 ND NS
Benzo(k)fluoranthene 1,600 ND ND 800 ND ND 93 140 ND NS
Chrysene 1,600 1,500 1,100 450 190 1,200 120 170 ND NS
QW05 0-0.5 Benzo(a)anthracene 1,600 360 B . ND ND ND ND ND 570 89
Benzo(a)pyrene 1,600 430 ND ND ND ND ND 580 88
Benzo(b)fluoranthene 1,600 920 40 50 67 ND ND 400 65
Benzo(k)fluoranthene 1,600 ND ND ND ND ND ND 580 90
Chrysene 1,600 1,100 ND ND ND ND ND 680 86
Notes:
NS - No sample obtained during the monitoring evenl
ND - Non-detect
Shading indicates exceedance of the BHRA 10-6 screening criteria:
Table §5-7
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TABLE 5-8

EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA

10° 1Qtr1Yr 2Qtr1Yr 3QtrlYr 4QtrlYr 1Qtr2Yr 2Qtr2Yr 30tr2Yr 4Qtr2Yr 1Evnt3Yr | 2Evnt3Yr | 1EvntdYr | 2EvntdYr
Sample Sampling Analyte Screening Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 | Mar 1996 | May 1996 | Aug 1996 | Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections | Detections | Detections | Detections | Detections | Detections | Detections | Detections | Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
QE02 0.5-1.0 __ |Benzo(a)pyrene 10.575 NS NS 11000 NS NS NS 135000 NS 1600 NS 1300 NS
QE03 0-0.5 Benzo(a)pyrene 10,575 NS NS 11000 NS 12000 45000 3000 11000 7000 5900 1300 120
QE04 0-0.5 Benzo(a)pyrene 10,575 ND NS 61 26000 230 ND ND ND 470 ND 170 ND
QE06 05-1.0 _ |Benzo(a)pyrene 10,575 14000 1200 6000 1200 1100 1500 1000 1500 ND 1500 5700 2400
QE07 0-0.5 Heptachlor 17,156 120 1200 ND 52000 7000 630 320 ND ND ND ND ND
Benzo(a)-pyrene 10,575 830 2200 2200 670 26000 2100 1000 720 L1000 540 63000 2300
Dibenz(a,h)anthracene 10,575 54 ND 260 130 S ND 330 130 73 1900 150 15000 280
QE07 05-1.0  |Benzo(a)-pyrene 10,575 1400 2700 2600 NS 19000 4700 1400 NS 5000 1900 | 39000 660
Dibenz(a,h)anthracene 10,575 160 ND 1000 NS 2100 570 190 NS 900 360 L1000 160
Notes:
NS - No sample obtained during the monitoring event
ND - Non-detect
Shading indicates exceedance of the HHRA 10 screening criteria
Table 5-8
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EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA

TABL¥ 5-9

(inker/146273-5003/Annual_RpuTabStmd.xis/HHRAI_10-6 01/25/2000

10°¢ 1Qtr1Yr 2Qtr1Yr 3Qtr1Yr 4Qtr1Yr 1Qtr2Yr 2Qtr2Yr 3Qtr2Yr 4Qtr2Yr 1Evnt3Yr 2Evnt3Yr 1EvntdYr 2Evnt4Yr
Sample Sampling Analyte Screening Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 Mar 1996 May 1996 Aug 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
QEO! 0-0.5  |Benzo(a)pyrene 1,057 2200|1100 2200 - ND 2400 670 600 3,000 1500 540 300 ND
QEOI 0.5-1.0  |Benzo(a)pyrene 1.057 NS NS NS NS NS NS NS NS NS NS NS 7,200
QEO02 0-0.5 Benzo(a)anthracene 10,575 1100 750 11000 6800 530 2,600 m,ooo 16,000 - 830 1,600 4,400 2,100
Benzo(a)pyrene 1,057 930 720 9800 6300 420 3,000 7,300 14,000 870 1,600 4,400 12,100
Benzo(b)fluoranthene 10,575 2100 1600 6300 1,700 4,900 12,000 - 127,000 99¢ 1,700 3,600 200
Dibenz(a,h)anthracene 1,057 ND ND 1600 ND 420 ND NI ND 1,600 600
Aldrin 454 ND ND 1600 m_‘o, ND ND ND ND 110
QEQ2 0.5-1.0 Benzo(a)anthracene 10,575 NS NS NS NS NS NS NS 1,400 NS
Benzo(a)pyrene 1,057 NS NS NS NS NS NS NS 1300 NS
Benzo(b)fluoranthene 10,575 NS NS NS NS NS NS NS 1,000 NS
Dibenz(a,h)anthracene 1,057 NS NS NS NS 360 NS
Indeno(1,2,3-cd)pyrene 10,575 NS NS NS NS 1,100 NS
QE03 0-0.5  |Benzo(a)anthracene 10,575 130 1500 770 7,100 | 1,300 83
Benzo(a)pyrene 1,057 210 R : Soo : ”.”.m 750 mboo : . _,wDo g 120
Benzo(b)fluoranthene 10,575 430 ND . 6,600 2,000 120
Dibenz(a,h)anthracene 1,057 ND ND ND 360 ND
Indeno(1,2,3-cd)pyrene 10,575 ND ND 2,300 940 99
QEO03 0.5-1.0 Benzo(a)pyrene 1,057 NS NS NS NS
Benzo(b)fluoranthene 10,575 NS NS NS NS
QEO4 0-0.5 Benzo(a)pyrene 1,057 ND NS ND
Benzo(a)anthracene 10,575 42 NS ND
Dibenz(a,h)anthracene 1,057 ND NS ND
Indeno(1,2,3-cd)pyrene 10,575 ND NS ND
QEO0S 0-0.5 Benzo(a)pyrene 1,057 84 690 170 940
QE06 0-05  |Benzo(a)pyrene 1,057 100 200 1400
Dibenz(a,h)anthracene 1,057 ND 290 ND
QE06 0.5-1.0 Benzo(a)anthracene 10,575 _moo. 1,100 1,300
Benzo(a)pyrene 1,057 12 ) 1,000 _woo :
Benzo(b)fluoranthene 10,575 2100 2,000 2,300
Dibenz(a,h)anthracene 1,057 ND ND 330
QE06 > 1 Benzo(a)pyrene 1,057 850 560 NS
QEQ7 0-0.5 Aldrin 454 57 ND ND ND
alpha-Chlordane 5,939 ND ND ND ND
Benzo(a)anthracene 10,575 1100 B N,ooo 1,000 880 29,100 540
Benzo(a)pyrene 1,057 830 L2200 1,000 720 CHL000 540
Benzo(b)fluoranthene 10,575 1600 3900 2,000 1,400 13,000 610
Dibenz(a,h)anthracene 1,057 54 ND 130 7 1900 150
Heptachlor 1,715 120 1200 310 ND ND ND

Table 5-9
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TABLE 5-9

EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA

10°° 1Qtr1Yr 2Qtr1Yr 30trl1Yr 4Qtr1Yr 1Qtr2Yr 20Qtr2Yr 3Qtr2Yr 4Qtr2Yr 1Evnt3Yr 2Evnt3Yr 1EvntdYr 2EvntdYr
Sample | Sampling Analyte Screening | Nov 1994 Jan 1995 April 1995 July 1995 Oct 1995 Mar 1996 May 1996 Aug 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
Location | Interval (ft) Criteria Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg) (ug/kg)
Indeno(1.2,3-cd)pyrene 10,575 440 1000 1200 420 14,000 1.100 510 250 4,600 340 49,000 1,600
QE07 0.5-1.0  |Aldrin 454 ND ND 650 NS 2,500 ND ND NS ND ND ND ND
alpha-Chlordane 5,939 ND ND ND NS 15.000 250 98 NS ND ND ND ND
Benzo(a)anthracene 10,575 1600 3000 4000 NS 21,000 6.200 1,300 NS 4,7C0 1,700 34,000 540
Benzo(a)pyrene 1,057 1400 2700 2600 NS 19,000 4,700 1400 NS 5,00 1900 39,000 660
Benzo(b)fluoranthene 10,575 2600 4900 4500 NS 133,000 8,300 2,800 NS 5,900 1,500 40,000 770
Dibenz(a,h)anthracene 1,057 160 ND 140 NS 2,100 570 190 NS 900 360 11,000 160
Indeno(1,2,3-cd)pyrene 10,575 800 1500 1000 NS 8,200 1,900 730 NS 1,900 1,000 31,000 540
Heptachlor 1,715 820 1400 NS 4600 390 140 NS ND ND ND
QE07 > | Benzo(a)pyrene 1057 | 2000 NS NS 12000 NS NS 54 5,000 60
QEO08 0-0.5 Benzo(a)anthracene 10,575 2200 | 2100 1 100 3,100 4,600 8,000
Benzo(a)pyrene 1,057 [ wwoo FRI R wmoo : : CET00 T 3,000 5,000 S : o owoo o
Benzo(b)fluoranthene 10,575 4400 4000 - 3300 6,500 9,600 13,000
Dibenz(a,h)anthracene 1,057 54 ND ND 770 2,700
QE08 0.5-1.0  |Benzo(a)pyrene 1,057 1700 240 1800 370 1,100
QE09 0-0.5 Benzo(a)pyrene 1,057 830 ND 87 340 94
QE09 > 1 Heptachlor 1,715 ND 36 8 21 NS
QEI10 0-0.5 Benzo(a)pyrene 1,057 ND NS : : 47 NS ND
QW02 0-0.5 _ |Benzo(a)pyrene 1,057 1400|1900 91 960 NS
QW02 0.5-1.0  |Benzo(a)pyrene 1,057 31000 46 ND NS
QW03 0-0.5  |Benzo(a)pyrene 1,057 2100 880 780 NS
QW03 0.5-1.0  |Benzidine 420 ND ND ND NS
QW04 0-0.5 Benzo(a)pyrene 1,057 480 200 g} Pmoo NS
Dibenz(a,h)anthracene 1,057 60 ND 770 NS
QW04 0.5-1.0  |Benzo(a)pyrene 1,057 380 210 1,000 98 NS
QW04 > 1 Benzo(a)pyrene 1,057 1900 370 330 53 NS
QW05 0-0.5 Benzo(a)pyrene 1,057 ND ND ND ND  |oiiigiggyini 38
Notes:
NS - No sample obtained during the monitoring event
ND - Non-detect
Shading indicates exceedance of the HHRA 107 screening criteria
Table 5-9
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TABLE 5-10

COMPARISON OF LONG-TERM MONITORING MAXIMUM ANALYTE CONCENTRATIONS WITH RI RESULTS IN SEDIMENT

Analytes

RI

Phase 11

1qtrlyr (Nov 1994)

2qtrlyr (Jan 1995)| 3qtrlyr (Apr 1995)

4qtrlyr (Jul 1995) [ 1qtr2yr (Oct 95) | 2qtr2yr (Mar 96)

3qtr2yr (May 96)

4qtr2yr (Aug 96) | 1Evnt3Yr (Jul 97)

2Evnt3Yr (Jan 97)

1Evnt4Yr (Jul 98)

2EvntdYr (Jan 9¢

0-6in | 6-12in

0-6in | 6-12in | 0-6in | 6-12in

0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in | 0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in [ 6-12ir

Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium

Manganese
Mercury

Kw_wcaozca

Nickel

Potassium

Selenium
Silver

fn
Vanadium

Zinc

Pesticides (mg/kg)
4,4'-DDC
4,4’-DDE

4,4’ -DDT

Aldrin

alpha-BHC

alpha-Chlordane
Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

beta-BHC

delta-BHC

MWEun“
Endosulfan [
Endosulfan II
Endosulfan sulfate
Endrin

¢amma-BHC (Lindane)

© na-Chlordane
1., achlor

PCB’s and Chlorinated

o

186

tinker/146273-5003/Annuat_Rpt/TabSri_4Yr.xls/sd-cmp

14100 16400

75 75
3850 1010
L 1.3
123 328
181000 132000
820 13350
421 . 357
541 ¢ 168
19000 26600
318 184
22800 15200
890 965
055 = 03
N‘M,‘m ! 26
‘.NOA. ; 1090
2030 . 2910

o34 42
646 | 794
1890 | 819
038 | 0.19
487 587
668 | 372

57 M 120
) | 910
18300 | 5200
o
140 = 370
2

10 820

23400 20000 21000

98 62 79
72 53 8.4
2380 1350 1860
12 12 1S
832 132 106

128000 = 36000 142000

1230 | 2430 1890

123 918 617
650 | 125 583
| 249000 ~ 19800 21100
L2225 469 268
16700 | 12000 13600
836 | 1750 778
9 3 59
L 626 | 348 369

3160 | 1370 2830

16400
95
72

12000
12
183

81200
828

56.7
246
21800
286
10300
2030

650

063 058 IS5
255 179 394
. 747 861 3690
4230 | 4880 3200 | 1930 1590 2830
coo12 12 43 o1 08 - 72
| 205 | 722 | 919 L 187 1 159 112
L uy | 191 165 400
T o2 014 0.18 0.33
L 957 21 619 483 41 754
1790 506 1280 890 542 1920
i w | M H 260
s sa0 o 300
) ) .2 L . .
| i 16000
I 1
124000 | 33000 | 40000 | 18000 | 25000 | 17000 | 39000
[ S
A ‘ o | 3200
| B | 25000
o ) 4l “ [
N N S R T N
. 1200 | 1400 . 52000 | 49 | 7000 |

110

13400 12900 21000

8.6 158
9 5752
1690 1050 3350
0.85 082 12
415 108 873

210000 - 174000 ~ 214000

2040 3210 912

216 126 108
C2210 175 654

24900 | 22200 24900

4400 746 498

306000 17000 24100

1930~ 4250 1730

107000 231000

| 19000 | 15000

16700
7.9
6.4
1330
1

390

140000

2230
109
467

20200
1050

17300

4140
0.9
326

778

2530

72

120

20000

890

15400

6.1
1270
0.78

158
94300
1460
20.1
217
17800
170
15000
853
0.67
21
431
2450
054

19.1

296

514

317
209

63

98

51000

280

13500 22700 13800 12000 8940 16300 10500
v 7.6 6.2 29 7.4
73 15712 53 4.8 97 306
2010 3200 1790 2370 655 4550 599
097 17 08I 0.97 0.93 _ 0.93
298 80 112 837 255 127 193
76800 141000 121000 79300 67800 102000 70200
1850 2800 1110 1700 1210 994 1830
151 617 166 36.6 16.4 3311 783
292 581 2010 548 401 1390 498
31800 24400 8500 15300 @ 20300 27000 14100
24 528 422 415 160 1280 306
9150 27100 22000 23900 7320 14900 10500
2940 1780 1890 1830 725 5370 887
067 37 055 8.3 0.41 12 069
277 418 262 14.5 7.7 628 973
801 1430 6470 180 480 3590 3010
2400 2730 2050 1430 1400 2580 1550
55 075 103 21 19 32 26
23 992 725 | 152 | 148 = 453 236
R I 7 B V) 244 170
525 127 | 126 | 3718 | 365 618 409
568 829 | 17 . 458 | 36 922 517
227 1180 = 2310 671 268 647 | 924
‘ 0.042  0.037
. 0.0085 )
©0.0067 0097 )
o 0.013 |
8200 10 8 36 | 024 3 9
- 068 B :
) o 0002
0.0021
) 0093 0.079
o002 0023 U
S A . o !

11900 8690
72 41
12.2 14
890 914
0.97 0.73
291 15

96700 59200
732 734
239 101
514 94.5
18500 14700
158 188

17900 10500
1300 898
LT 29
146 146
300 184
1720 1280
3116
163 12

181 194
86 13
476 318
489 264

0.0057
010

0014
0.11
47 | 038

|
059
0025 |
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TABLE 5-10
COMPARISON OF LONG-TERM MONITORING MAXIMUM ANALYTE CONCENTRATIONS WITH RI RESULTS IN SEDIMENT

Analytes

Phase 1
RI

Phase 11
RI

1qtrlyr (Nov 1994)

2qtrlyr (Jan 1995)

3qtrlyr (Apr 1995)

4qtrlyr (Jul 1995)

1qtr2yr (Oct 95)

2qtr2yr (Mar 96)

3qtr2yr (May 96)

4qtr2yr (Aug 96)

1Evnt3Yr (Jal 97)

2Evnt3Yr (Jan 97)

1Evnt4Yr (Jul 98)

2Evntd4Yr (Jan 9!

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in [ 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12ir

Heptachlor epoxide
Methoxychlor
Toxaphene

Volatile Organics (mg/kg)
1,1,1,2-Tetrachloroethane
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene

1,2,3-Trichloropropane

1,2-Dichloroethane

1,2-Dichloropropane
2-Butanone (MEK)

2-Chlorethyl vinyl ether

2-Hexanone
4-Methyl-2-pentanone (MIBK)
Acetone

Acrolein

Acrylonitrile
Benzene

Bromodichloromethane
" oform
b...nomethane
Carbon disulfide

Carbon Hn:mo:_onmo B

Chlorobenzene

Chloroethane

Chloroform

Chloromethane
cis-1,3-Dichloropropene

Dibromochloromethane

Dibromomethane
Dichlorodifluoromethane
Ethanol

mw‘@ﬂnsn?moc;mﬁ
Ethylbenzene

lodomethane

Methylene chloride

Styrene

Tetrachloroethene
Toluene

trans-1,2-Dichloroethene

trans-1,3-Dichloropropene

trans-1,4-Dichloro-2-butene

Trichlorethene

,_,102082:06\“3@5@@

Vinyl acetate
Vinyl chloride

Xylenes (total)

1140000

.volatile Organics Aim\rmv ;

1,2,4,5-Tetrachloro-benzene

| 83000 |

| il

tinker/146273-5003/Annual_Rpt/TabSri_4Yr.xls/sd-cmp

e

19

to
(@2}

6.9

100 62

.22

16

210

21 26
14

100 130

56 |

310

390

29

2.1 6.8

2900 51

950 240

80

490

8.7

120

29

62 99

120 54

7.6
3.6
3.9

16

79

200 70

44

240 2500

21

1
63

38

R oo

250

740 62

3.2

27

95 25000

—_——

56 71

190 79

56 | 64

313

0.0027

0.047 0037

0.026 .19
0.0015

0.0057 _ 0.0087

014 €91

0.025

0081 0.053
. 0017
. 033

f—

6021

‘ :\i

0.0028 00013

0.0061

4
|

0021

W
|

0.0028

0.0016

0.048 0.018

0.23 0.097

0.0092

2.1

0.021 0.0055

| 0012

0.062 0.016

021  0.063

001 0.0093

0032 0015

0.0043

0.0074
0.06

0.0077  0.0063

0.0022

10.013

0.0019

0.0031

00025

0.0035

0.0094  0.0024

0.059 0.012

0.13 0.57

0.0009
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TABLE 5-10

COMPARISON OF LONG-TERM MONITORING MAXIMUM ANALYTE CONCENTRATIONS WITH RI RESULTS IN SEDIMENT

Analytes

Phase I
RI

Phase 11
RI1

1qtrlyr (Nov 1994)

2qtrlyr (Jan 1995)

3qtrlyr (Apr 1995)

4qtrlyr (Jul 1995)

1qtr2yr (Oct 95) 2qtr2yr (Mar 96)

3qtr2yr (May 96)

4qtr2yr (Aug 96)

1Evnt3Yr (Jul 97)

2Evnt3Yr (Jan 97)

1Evnt4Yr (Jul 98)

2EvntdYr (Jan 9!

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in | 0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in | 6-12in

0-6in_| 6-12in

0-6in | 6-12in

0-6in | 6-12i

1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzenc
1,4-Dichlorobenzene
1-Chloronaphthalene
1-Naphthylamine
2,3,4,6-Tetrachlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2.,4-Dichlorophenol
2,4-Dimethylphenol

2,4-Dinitrophenol

2,4-Dinitrotoluene

2,6-Dichlorophenol

2,6-Dinitrotoluene

N-OE&@@%E:&F%
2-Chlorophenol

2-Methylnaphthalene
2-Methylphenol

2-Naphthylamine

2-Nitrophenol

2-Picoline

3,3’-Dichlorobenzidine
" thylcholanthrene
5 _ aroaniline

3/4-Methylphenol )
4,6-Dinitro-2-methylphenol

4-Aminobipheny!

4-Bromophenyl phenyl ether

4-Chloro-3-methylphenol

4-Chloropheny! phenyl ether

4-Nitroaniline

4-Nitrophenol ]
7,12-Dimethylbenz(a)-anthracene

a,a-Dimethylphenethyl-amine

Acenaphthene

Acenaphthylene
Acetophenone
Aniline

Anthracene

Azobenzene

Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzoic acid

Benzyl alcohol

Eﬂw-ﬁZanSoxEBQmw%

-Chloroisopropyl Jether
bis(2-Ethylhexyl)phthalate

3100
280
4400

160

1600

1900

f

1500

| 4800

4400
9200
4100
5300

i

tinker/146273-5003/Annual_Rpt/TabSn_4Yr.xis/sd-cmp

| 46000 |

340 200

60

250 5200

84

110

88

410 3100

4800

160
15000
14000
28000
1200
670

7800

[N

250 570

210

610 2400

210

100

58

1400

O N

2100

0 | 3000
2200

3100

-

850 2200
100
280

3500

350

410 1000

140

—

Y
=3

P

S S

| 5800

R

430
| 11000 | 13000

| 9800

11000 | 26000

310

46

1300 960

9
N
<

1400 1000

1200 100

160

840

39000 | 3200

3200

4000 |
1300 |
2800 |

6000

1700

110

111000

e

19000 = 20000 |

6800 |

7600
| 15000
70

|
L R

7800

23000 |

9800
17000
39000

6600
1900
2600

BUN

I

© ] 7800 | sso¢ |

44 3000

2400

390 420 1500 2600

310 600 310

460 4000

1300
440 60
17000

4200 200¢ 17000

36000

11000 1100)

350 S
26000 | 2100) | 59000
1900) | 45000
wwooom

83000
11000
2100

26000

49000
20000

C 19000 |
210
56

79

-

.~ 20000

140 51

1600 670
150 1800
250 4100
200 470

180

2100

460 10000

1

1900 15000

3600

46000 |
35000 |
43000 |
16000

23000

11000

10000

5400

410
50

6500

29000 5000

B
|
7

22000

3600
520
1200
350

280

610

230 570

3100 |
360 |

710

2600

290 ‘
16300
114000 ) 6200
27000 | 9300
10000 | 3600
7400

40 320

16000

4500 . 8900

321

1.2

0.051
0.040 0.

8]
5]

0.22 0.053

0.28 041

c.o . -
s

13
53
8.6

7.5

0.22

0.13
0.16

0.004

025

2.2
0.043
011

0.28

44 0.44

17
19
1 23
43 096
22

028

7.1

0.92 0.19

0.1
0.25

0.062

0.082

0.071
0.083

24
0.06
0.53

22

12
0.53

0.11
46

7.7

0.094
34
39
40
34
33

42

1.4
0.15
0.89
0.89

0.078 0.71

0.095

93
13
8.9
8.3
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TABLE 5-10
COMPARISON OF LONG-TERM MONITORING MAXIMUM ANALYTE CONCENTRATIONS WITH RI RESULTS IN SEDIMENT

Analytes

Phase I| Phase 11| 1qtrlyr (Nov 1994) | 2qtriyr (Jan 1995)| 3qtrlyr (Apr 1995) | 4qtrlyr (Jul 1995) | 1qtr2yr (Oct 95) | 2qtr2yr (Mar 96) | 3qtr2yr (May 96) | 4qtr2yr (Aug 96) | 1Evnt3Yr (Jul 97) | 2Evnt3Yr (Jan 97) | 1EvntdYr (Jul 98) | 2Evnt4Yr (Jan 9
RI RI 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in [ 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in | 0-6in | 6-12in | 0-6in [ 6-12in | 0-6in | 6-12i

Butyl benzyl phthalate 720 6000 4900 560 230 71 0.47 0.51 0.068
Chrysene 7100 5200 19000 2600 3300 15000 15000 35000 5000 33000 21000 57000 5900 12000 42000 18000 7200 12 6.3 12 23 66 47 12 12
Di-n-butyl phthalate 2200 150 150 130 150 4600 59 54 510 0.2 0.068 0.05 0.47 0.053
Di-n-octyl phthalate 540 410 400 520 180 11000 700 500 56 1400 8900 210 84 630 0.66 0.5 0.51 0.13
Dibenz(a,h,)anthracene 110 750 420 150 1600 1300 1300 2100 6000 570 1100 4100 770 840 1.9 0.9 1.5 0.36 15 I 2.7 0.62
Dibenz(a,j)acridine 1400 89 0.33 0.2 0.94
Dibenzofuran 480 250 1500 160 340 1000 1000 5500 310 2500 1600 11000 360 1200 8000 1600 1.2 0.79 1.5 0.18 0.8 1.4 0.22 0.75
Diethyl phthalate 120 160
Dimethyl phthalate 57 660 530 300 86 280
Diphenylamine .
Ethyl methanesulfonate o ) ! L o [ ,
Fluoranthene | 11000 - 6400 3800 6300 8100 25000 | 23000 - 53000 = 8000 | 100000 & 85000 ~ 120000 | 14000 35000 _ 120000 i 30000 14000 32 18 24 6.5 160 100 27 26
Fluorene | 880 410 2600 300 560 2400 | 2200 12000~ 530 5900 | 3600 . 23000 §20 | 1700 16000 2700 620 22 12 | 25 0.28 4.2 3.5 042 16
Hexachlorobenzene i o I e )
Hexachlorobutadiene ! : :
Hexachlorocyclopentadiene | ! ,
Hexachloroethane B ) i B S o : ) ‘
Indeno(1,2,3-cd)pyrene 3800 | 1700 | 4600 1100 1600 6100 | 5600 19000 = 1700 14000 = 820G 20000 1900 . 4700 15000 8900 3400 4.7 22 45 1 49 31 79 39
Isophorone . i - I L i 98 - 57 | 047 -
Methyl methanesulfonate . [ f ; | o o i B ) i -
N-Nitroso-di-n-butylamine L L | . i : . o [ ) o L : o o
N-Nitroso-di-n-propylamine , B I i o i o : ~ ) e . o o i i B o
N-Nitrosodiphenylamine o T P . , 150 50 | 3 [ I ) 4T ﬁ ) | . i )
M ‘rosopiperidine N N N D ‘ _— N S e S M | S R
| thalene ) 690 | 1000 . 80 1100 3700 980 1600 | 5900 800 2500 | 110¢ | 15000 | 690 2200 . 4100 | 2700 520 14 0 17 0 21 4 . 94 | 94 39 - 34
Nitrobenzene m ‘ o o L I | B i . | | | o
p-Dimethylaminoazobenzene ! : ) B X ; | | b
Pentachlorobenzene | L i S . , . : W B :
Pentachloronitrobenzene L. | : : } i ) : - j | , ,
Pentachlorophenol ' i . 5s L] S R i . i 490 M : ; i
Phenacetin ) L o o I , ) - i S S
Phenanthrene 6700 | 3800 | 3700 | 3300 | 6200 | 22000 | 14000 | 58000 | 5200 | 73000 . 5800) . 110000 7100 18000 ~ 110000 = 28000 | 9100 |  2I i | 16 35 70 51 1 71 16
Phenol e | S S - B I W i L | [ 0.086 , 0046
Pronamide | | | | W B | R ) I R [ 1 i L -
Pyrene ) % ,oooo‘A " 7800 | 55000 | 4500 | 6400 | 26000 | 33000 | 51000 | 7100 | 80000 | 5800) | 110000 | 14000 ~ 27000 | 88000 | 28000 11000 | 25 | i1 | 16 29 | 120 80 20 | 19

tinker/146273-5003/Annual _Rpt/Tub5ri_4Yr.xls/sd-cmp
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TABLE 5-11
STATISTICAL EVALUATION OF ANALYTES DETECTED IN SURFACE WATER SAMPLES
FOURTH YEAR LONG-TERM MONITORING

COMPOUND NAME NumOfResult | MinOfResult | MaxOfResult AvgOfResult
Dissolved Metals (mg/L)

Aluminum 12 0.0053 0.063 0.0164
Antimony 4 0.00041 0.00076 0.0006
Barium 16 0.22 0.42 0.3806
Cadmium 13 0.000049 0.0008 0.0003
Calcium 16 44.1 69.2 53.1188
Chromium 16 0.019 0.025 0.0223
Cobalt 16 0.000096 0.00058 .0002
Copper 16 0.0015 0.061 0.0151
Iron 2 0.032 0.16 0.0960
Lead 10 0.000073 0.00034 0.0002
Magnesium 16 12.7 2064 23.3188
Manganese 16 0.0003 0.14 0.0202
Molybdenum 12 0.0011 0.012 0.0029
Nickel 16 0.0026 0.033 0.0068
Potassium 15 1.5 2.2 1.8333
Selenium 16 0.00061 0.0033 0.0019
Silver 5 0.000078 0.0003 0.0002
Sodium 16 12.1 26.4 20.7063
Vanadium 16 0.0064 0.017 0.0152
Zinc 16 0.02 0.065 0.0289
PCBs & Pesticides (ug/L)

Dieldrin 1 0.029 0.029 0.029
Heptachlor 1 0.024 0.024 0.024
Semivolatile Organic Compounds (mg/L)

bis(2-Ethylhexyl)phthalate 4 0.0018 0.14 0.037
Di-n-butyl phthalate 3 0.0015 0.002 0.002
Total Metals (mg/L)

Aluminum 30 0.006 0.88 0.1830
Antimony 17 0.0002 0.0019 0.0006
Arsenic 1 0.0061 0.0061 0.0061
Barium 30 0.22 0.52 0.4057
Beryllium 3 0.000068 0.00012 0.0001
Cadmium 29 0.000077 0.01 0.0012
Calcium 30 34.2 62.9 46.6333
Chromium 30 0.00026 0.025 0.0084
Cobalt 30 0.000092 0.00089 0.0003
Copper 30 0.0026 0.14 0.0365
Iron 25 0.025 1.2 0.3399

n’nkerM46273-5003/annua|7rpt/Ta05,slats xis/SwNdStats 01/25/2000
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TABLE 5-1

1

STATISTICAL EVALUATION OF ANALYTES DETECTED IN SURFACE WATER SAMPLES
FOURTH YEAR LONG-TERM MONITORING

COMPOUND NAME NumOfResult | MinOfResult | MaxOfResult AvgOfResult
Lead 30 0.00028 0.0091 0.0020
Magnesium 30 11.5 26.5 21.0433
Manganese 30 0.00086 0.16 0.0311
Mercury 4 0.000044 0.000075 0.0001
Molybdenum 30 0.00018 0.011 0.0020
Nickel 30 0.002 0.036 0.0062
Potassium 30 0.95 4.7 1.7783
Selenium 30 0.00034 0.0039 0.0012
Silver S 0.000081 0.00036 0.0003
Sodium 30 9.4 36.3 18.5667
Thallium 19 0.000028 0.000075 0.000043
Vanadium 30 0.0014 0.016 0.0119
Zinc 30 0.016 0.079 0.0355
Volatile Organic Compounds (mg/L)
Acetone 15 0.0012 0.0051 0.0028
Bromoform 3 0.001 0.0014 0.0012
Methylene chloride 21 0.001 0.0031 0.0017
Tetrachloroethene 2 0.0014 0.0015 0.0015
Wet Chemistry (mg/L)
Alkalinity, Bicarb. as CaCO3 at pH 4.5 16 165 225 191.00
Alkalinity, Carb. as CaCO3 at pH 8.3 6 5.9 17.2 11.12
Alkalinity, Total as CaCO3 at pH 4.5 30 165 234 197.10
Chemical Oxygen Demand (COD) 1 12.4 12.4 12.40
Chemical Oxygen Demand (Regular) 3 99 299 17.20
Chloride 30 6.4 54 16.38
Hardness as CaCo3 30 156 234 197.07
Sulfate 30 4.5 88.7 21.03
Total Dissolved Solids 30 104 437 256.33
Total Organic Carbon 28 0.29 4.8 2.04
Total Suspended Solids 14 1.6 68.8 11.17
Total Organic Carbon 28 0.29 4.8 2.04
Total Suspended Solids 14 1.6 68.8 11.17
tinker/146273-500%/annual_rpt/Tab5_stats xIs/SwNdStats 01/25/2000 Page 2 of 2



TABLE 5-12

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS

FOR ANALYTES DETECTED IN SURFACE WATER

FOURTH YEAR LONG-TERM MONITORING

DETECTION DATE
COMPOUND NAME SAMPLE_ID RESULT LIMIT FOOTNOTES | COLLECTED
Dissolved Metals (mg/L)
Aluminum QEO7-SW-1101 0.003 0.05 1/21/98
Antimony QE05-SW-1101 0.00076 0.001 J 01/22/98
Barium QE03-SW-1101 0.42 0.001 01/23/98
Barium QE04-SW-1101 0.42 0.001 01/23/98
Barium QEO7-SW-1101 0.42 0.001 1/21/98
Barium QEO08-SW-1101 0.42 0.001 01/22/98
Cadmium QWO04-SW-1101 0.00075 0.001 J 01/20/98
Calcium QWO7-SW-1101 69.2 0.2 1/21/98
Chromium QWO05-SW-1101 0.025 0.001 01/19/98
Cobalt QWO03-SW-1101 0.00058 0.001 J 01/20/98
Copper QE02-SW-1101 0.001 0.001 01/23/98
Iron QEI1-SW-1101 0.16 0.1 01/20/98
Lead QEI1-SW-1101 0.00034 0.001 J 01/20/98
Magnesium QE03-SW-1101 20.4 0.2 01/23/98
Manganese QWO07-SW-1101 0.14 0.001 1/21/98
Molybdenum QWO04-SW-1101 0.012 0.001 01/20/98
Nickel QWO03-SW-1101 0.033 0.001 01/20/98
Potassium QE02-SW-1101 2.2 5 J 01/23/98
Potassium QE06-SW-1101 2.2 5 J 01/22/98
Selenium QE04-SW-1101 0.0033 0.005 J 01/23/98
Silver QE07-SW-1101 0.0003 0.001 J 1/21/98
Silver QE09-SW-1101 0.0003 0.001 J 1/21/98
Sodium QE03-SW-1101 26.4 5 01/23/98
Vanadium QEO!-SW-1101 0.017 0.005 01/23/98
Vanadium QE02-SW-1101 0.017 0.005 01/23/98
Vanadium QE03-SW-1101 0.017 0.005 01/23/98
Vanadium QE04-SW-1101 0.017 0.005 01/23/98
Vanadium QE05-SW-110] 0.017 0.005 01/22/98
Vanadium QE07-SW-1101 0.017 0.005 1/21/98
Vanadium QE08-SW-1101 0.017 0.005 01/22/98
Vanadium QE09-SW-1101 0.017 0.005 1/21/98
Vanadium QEI10-SW-1101] 0.017 0.005 01/20/98
Vanadium QWO05-SW-1101 0.017 0.005 01/19/98
Zinc QWO03-SW-1101 0.065 0.01 01/20/98
PCBs & Pesticides (ug/L)
Dieldrin QEO07-SW-1201 0.029 0.1 J 07/22/98
Heptachlor QE07-SW-1201 0.024 0.05 J 07/22/98
Semivolatile Organic Compounds (mg/L)
bis(2-Ethylhexyl)phthalate QE02-SW-1101 0.14 0.0095 01/23/98
Di-n-butyl phthalate QWO06-SW-1201 0.002 0.01 J 07/20/98
Total Metals (mg/L)
Aluminum QE06-SW-1201 0.88 0.05 07/22/98
Antimony QEI1-SW-1201 0.0019 0.001 07/21/98
Arsenic QWO06-SW-1201 0.0061 0.01 B 07/20/98
Barium QEOI-SW-1201 0.52 0.001 07/23/98
Beryllium QWO06-SW-1201 0.00012 0.001 B 07/20/98
Cadmium QE07-SW-120] 0.01 0.001 07/22/98
Calcium QWO07-SW-1101 62.9 0.2 1/21/98

tinker/1 46273'5003Iannua|_m|/Tab5_slals xIs/MaxSwValues 01/25/2000
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TABLE 5-12

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS

FOR ANALYTES DETECTED IN SURFACE WATER

FOURTH YEAR LONG-TERM MONITORING

DETECTION DATE
COMPOUND NAME SAMPLE_ID RESULT LIMIT FOOTNOTES | COLLECTED
Chromium QE09-SW-1201 0.025 0.001 07/21/98
Cobalt QE06-SW-1201 0.00089 0.001 B 07/22/98
Copper QE02-SW-1201 0.14 0.001 07/23/98
Iron QEI10-SW-1201] 1.2 0.1 07/21/98
Lead QE06-SW-1201 0.0091 0.001 07/22/98
Lead QLEO7-SW-1201 0.0091 0.001 07/22/98
Magnesium QEO03-SW-1101 20.5 0.2 01/23/98
Manganese QWO7-SW-1101 0.16 0.001 1721/98
Mercury QWO04-SW-1101 0.000075 0.0002 J 01/20/98
Molybdenum QWO04-SW-1101 0.011 0.001 01/20/98
Nickel QWO03-SW-1101 0.036 0.001 01/20/98
Potassium QWO7-SW-1201 4.7 5 B 07/20/98
Selenium QEIL1-SW-110] 0.0039 0.005 J 01/20/98
Silver QEO07-SW-1201 0.00036 0.001 B 07/22/98
Sodium QE05-SW-1201 36.3 5 07/22/98
Thallium QWO05-SW-1201 0.000075 0.001 B 07/20/98
Vanadium QEOI-SW-1201 0.016 0.005 07/23/98
Zinc QWO03-SW-1101 0.079 0.01 01/20/98
Volatile Organic Compounds (mg/L)
Acetone QWO07-SW-1101 0.0051 0.01 J 1/21/98
Bromoform QEO05-SW-1101 0.0014 0.005 J 01/22/98
Methylene chloride QW04-SW-1101 0.0031 0.005 JB 01/20/98
Tetrachloroethene QE09-SW-1101 0.0015 0.003 J 1/21/98
Wet Chemistry (mg/L)
Alkalinity, Bicarb. as CaCO3 at pH 4.5 [QWO05-SW-1101 225 S B 01/19/98
Alkalinity, Carb. as CaCO3 at pH83 |QEIO-SW-1101 17.2 5 01/20/98
Alkalinity, Total as CaCO3 at pH4.5 [QWO05-SW-1201 234 5 07/20/98
Chemical Oxygen Demand (COD) QWO07-SW-1201 12.4 10 07/20/98
Chemical Oxygen Demand (Regular)  |QE06-SW-1101 29.9 20 01/22/98
Chloride QEO03-SW-1201 54 3 07/23/98
Hardness as CaCO3 QE03-SW-1101 234 5 01/23/98
Sulfate QEO03-SW-1101 88.7 0.5 01/23/98
Total Dissolved Solids QEO01-SW-1201 437 10 07/23/98
Total Organic Carbon QWO07-SW-1101 4.8 1 1/21/98
Total Suspended Solids QEOI-SW-1101 68.8 2 01/23/98

tinker/146273-5003/annual_muTabs_stats xis/MaxSwValues 01/26/2000
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FINAL FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
January 2000

6. CONCLUSIONS

The following discussion presents a summa ry of screening criteria exceedances during the
fourth year of monitoring. BHRA 10 screening criteria were exceeded by five semivolatile
(SVOCs) classified as polyaromatic hydrocarbons (PAHs). These include
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and
chrysene. HHRA 110 screening criteria were exceeded by five PAHs benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene.
HHRA 110 screening criteria were exceeded by benzo(a)pyrene and dibenz(a,h)anthracene
in sediment samples.

Sediment analyte concentrations from the fourth year of monitoring did not exceed the 10+
screening criteria set forth in the BHRA and the HHRA 1. However, the HHRA |
noncarcinogenic hazard screening criteria for aroclor 1254 was exceeded at one location in
segment QW03 on West Soldier Creek.

Due to the sampling methodology, care must be taken when drawing inferences on
temporal trends of compound concentrations. However, several trends in the detected
analytes from sediment samples appear to be present.

* The detected PAH concentrations in the sediment appear to follow the same trend (e.g.,
an increase in one PAH compound is associated with increases in the other detected
PAH compounds).

* The sampling segment with the highest PAH concentrations in the sediment varies
between monitoring events. This relationship suggests that multiple origins for PAHs
could exist.

* Analyte concentrations are seen to decrease off-base as compared to on-base.

Surface water analyte concentrations from the fourth year of monitoring did not exceed any
of the screening criteria set forth in the BHRA or HHRA I noncarcinogenic, 10-4 or 10-5
screening criteria. During the 1E4Y event the HHRA 10-6 screening criteria for bis(2-
Ethylhexyl)phthalate) was exceeded at one location at segment QE02 on East Soldier Creek.

The results of the risk characterization indicate that for all scenarios, potential cancer risks
are below or within the USEPA advisory range of 10 to 104 and the USEPA
noncarcinogenic health hazard of 1.0. These results indicate that exposure to surface water
and sediments in West and East Soldier Creeks is not likely to result in an unacceptable
cancer risk or noncarcinogenic hazard for any on-base or off-base populations under current
or future stream use conditions.
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EXECUTIVE SUMMARY

This document presents the results of the human hcalth risk assessment (RA) of Soldier
Creek surface water and sediment at Tinker Air Force Base (AFB), Oklahoma City,
Oklahoma. Soldier Creek surface water and sediment are sampled semi-annually as part of
long-term monitoring of Soldier Creck. Previously, Black & Veatch Waste Science
Technology (B&V 1993) and Woodward-Clyde Federal Services (1996, 1997b, 1997¢)
cvaluated potential risks associated with Soldier Creek surface water and sediment using data
available at the time of their assessments. This human health RA evaluates the potential
current and future risks associated with Soldier Creek surface water and sediment based on
the most recently measured surface water and sediment concentrations (January and July
1998 semi-annual Soldicr Creck monitoring). The results from this current assessment were
compared with the results from the three previous WCFS RAs (WCFS 1996, 1997h, 1997¢)
to determine if the earlicr conclusions are still valid and if there are any trends associated
with the calculated risks. Additionally, remediation goals protective of human health

developed by WCFS (1997¢) for surface water and sediment were updated in this report.

This RA incorporates the methodology described in the Risk Assessment Guidance Jor
Superfund, Volume 1, Human Health Evaluation Manual, Part A (RAGS; USEPA 1989a),
Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual, Part
B (USEPA 1991b), Exposure Fuactors Handbook (USEPA 1989b), Standard Default
Exposure  Factors (USEPA 1991a), Dermal Exposure Assessment: Principles  and
Applications (USEPA 1992a), and Supplemental Region IV Risk Assessment Guidance
(USEPA 1996). Toxicity data were obtained from USEPA’s Integrated Risk Information
System (IRIS; USEPA 1998a), Health Effects Assessment Summary Tables (HEAST; USEPA
1997), and USEPA Region III’s Risk-based Concentration Table (USEPA 1998b). Surface
water and sediment data collected from Soldier Creek during the January and July 1998 semi-

annual monitoring were evaluated.

Soldier Creek was divided into three different areas for analysis in the RA based on different

contaminant sources and exposed populations. The three segments are:

. Off-Base West Soldier Creek
° On-Base East Soldier Creek
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. Off-Basc East Soldier Creek

Tinker AFB began remediation of the on-Base portion of West Soldier Creek in July 1998,
This remediation includes excavating sediment and lining the channel with concrete.
Conscquently, surface water and sediment samples were not collected from the arca of the
on-Basc scgment of West Soldier Creck undergoing remediation during July 1998 and a risk

cvaluation was not conducted for the on-Base scgment of West Soldier Creek.

An evaluation of potential human health risks was performed for surface water and sediment
in the three stream segments for the chemicals of potential concern (COPCs). The COPCs
identified for the different stream scgments include metals, polychlorinated biphenyls
(PCBs). pesticides, volatile organic compounds (VOCs), and semivolatile organic
compounds (SVOCs). Exposure scenarios believed to represent potential human activities in
the stream scgments were evaluated. These cxposure scenarios were developed in the
previous RAs and for consistency were evaluated in this assessment. The exposure scenarios

evaluated include:

. Construction workers involved in repair or installation of underground

pipelines around or under on-Base portions of East Soldier Creek: and

. Residents wading or swimming in off-Base portions of West and East Soldier
Crecks.

Based on the depth of water, swimming was only evaluated for the residential child scenario
for off-Basc East Soldier Creek; all other scenarios assume wading only. Exposure to both

surface water and sediment was evaluated for all receptors.

Potential cancer risks are below or within the USEPA recommended range of 10° to 10™ and
potential noncarcinogenic hazards are below the USEPA recommended noncarcinogenic
health hazard of 1.0 for all scenarios. These results indicate that exposure to surface water
and sediment in West and East Soldier Creeks is not likely to result in an unacceptable cancer
risk or noncarcinogenic hazard for on-Base or off-Base populations under current or future

stream usc and current environmental conditions.
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The results of the current risk analysis were compared to the results from the three previous
RAs (WCFS 1996, 1997b, 1997¢). 1t should be noted that the methodology used in the
current risk analysis was slightly different than the methodology used in the three previous
RAs. The 1996 USEPA Region 1V Supplemental Risk Guidance (USEPA 1990) was
followed for this assessment and the 1991 USEPA Region IV Guidance (USEPA 1991d) was
followed for the previous assessments. The largest difference between the current and the
previous RAs was the methodology used to select the COPCs, which resulted in different
COPCs being selected. Therefore, the risk assessments are not completely comparable. In
general, no dramatic changes between the first three WCFS RAs and the current (fourth year)
RA were identified. . The differences in estimated noncarcinogenic hazards and carcinogenic
risks arc duc to changes in contaminant concentrations and the chemicals that were detected
in the sediment and surface water. These differences arc expected because the stream is a
dynamic system affected by factors such as precipitation levels.  Effluent outfall flow and
concentrations also impact the dynamics of the stream system. Like heavy precipitation,
large volumes of effluent outfall may dilute concentrations in the stream system. Therefore,
it is possible for concentrations in the stream to rise despitc the closure of outfalls. The
differences between the current fourth year RA and the three previous RAs may also be
attributed to the use of a different method to sclect the COPCs for quantitative evaluation in
the RA. Despite slightly different methodologies, the calculated risks still do not pose an

unacceptable risk to human health.

To date, none of the RAs indicated any unacceptable adverse noncarcinogenic health effects
or cancer risks associated with exposure to West or East Soldicr Creeks for any on-Base or
off-Base population under current or future stream use conditions.  Consequently, no
remedial action is necessary based on risks to human health. As part of the RA, health-
protective cleanup goals were developed for each COPC. Although remediation is not
currently warranted based on risk to human health, the cleanup goals provide a set of “action

criteria” should remediation be required in the future.
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1.0 INTRODUCTION

This report presents the results of an asscssment of potential human health risks associated
with the surface water and sediment in Soldicr Creck at the Tinker Air Force Base (AFB).
Oklahoma Cityv, Oklahoma. Analytical results from 1998 semi-annual surface water and
sediment monitoring were used to evaluate potential human health risks.  The potential
current and future human health risks for Soldier Creck were characterized assuming current
site conditions remain unchanged and no additional remediation is implemented. This RA
was prepared using conservative assumptions, and the maximum cxposed receptors were

considered based on current and potential future site usage.

The organization of this RA follows the basic structure presented in the Risk Assessment
Guidance for Superfund, Volume 1, Human Health Evaluation Manual, Part 4 (RAGS:
USEPA 1989a). In addition, sections have been included on trend analysis with the three
previous Woodward-Clyde Federal Scrvices RAs (WCFS 1996, 1997b, 1997¢) and the
development of Remedial Action Objectives (RAOs). The RA is comprised of the following

sections:

o Introduction - A discussion of pertinent site background information

. Identification of Chemicals of Potential Concern - Identification of
chemicals of potential concern (COPCs) for each of the three stream segments
under mvestigation

. Exposure assessment - Identification of potentially exposed populations and
the exposure parameters and exposurc concentrations used to quantify
chemical uptake by those populations

. Toxicity assessment - Asscssment of the potential adverse effects of the
COPCs

. Risk Characterization - Estimation of the potential cancer risks and

noncarcinogenic hazards associated with exposure to the COPCs by the

exposed populations
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. Development of RAOs - Development of RAOs for the COPCs

o Uncertainty Analysis - Identification of sources of uncertaintics associated
with cach step of the RA. and the likely impact of these uncertaintics on the

results and conclusions of the RA

. Risk trend analysis — Comparison of the results of the current RA to the

results from the three previous WCFS RAs

. Conclusions and recommendations — Conclusions and rccommendations

based on results of the RA
1.1 SITE DESCRIPTION

Tinker Air Force Base (AFB) is located within the corporate limits of Oklahoma City,
Oklahoma, approximately seven miles cast-southeast of Oklahoma City’s inner-core
metropolitan area (Figure 1-1). Midwest City borders the AFB to the north, Del City to the
northwest, and Oklahoma City to the east, south, and southwest. The boundaries of Tinker
AFB are defined by Sooner Road to the west, Douglas Boulevard to the east, Southeast 29th
Street to the north, and Southeast 74th Street to the south. Midwest City and Del City arc
heavily populated with both residential and commercial arcas. The area under Oklahoma
City jurisdiction is lightly developed residential. Tinker AFB lies within an arca representing
a transition from residential and industrial/commercial land use on the north and west to

agricultural land use to the east and south.

The principal surface water drainage pathways for Tinker AFB are Crutcho, Kuhlman, and
Soldier Creeks (Figure 1-1). The main channel of Soldier Creek is located to the east of
Tinker AFB, flowing north from its headwaters near Southwest 59th Street to 1ts confluence
with Crutcho Creck. Two tributaries to Soldier Creek originate on the Base. For the purpose
of this RA, the tributary of Soldier Creek east of Building 3001 is identified as East Soldier
Creek and the tributary west of Building 3001 is identified as West Soldier Creek. East
Soldier Creek originates north of Building 3705, flows northward along the east side of
Building 3001, past the Industrial Wastewater Treatment Plant (IWTP), and drains into
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Soldier Creck approximately one mile downstream. West Soldier Creek originates west of
Building 3001 and flows northward approximately two miles 1o its conflucnce with Soldier

Creck.

The current scope of investigation, as identified in the Work Plan (AWCES 1994), includes
the portions of East and West Soldier Creck from their points of origin to their intersection
with Interstate 40, north of the base. The reasoning behind the study boundaries can be found

in the 4" Year, 1" Event Sampling Report, April 1998..
1.2 SITE OPERATIONS AND REGULATORY HISTORY

Tinker AFB is an active United States Air Force industrial facility responsible for the
maintenance of a wide variety of military aircraft. Tinker AFB was activated in March of
1942 under the name of Midwest Air Depot. During World War I, the depot was
responsible for reconditioning, modifying, and modernizing aircraft, vehicles, and equipment.
The primary mission has not changed. Tinker AFB is still a major industrial complex for

overhauling, modifying, and repairing military aircraft engines and accessory items.

As part of the Air Force Installation Restoration Program (IRP), Tinker AFB began
investigating previously used disposal sites in 1981 (USEPA 1988). A Base-wide sampling
program was conducted in 1983. Analytical results from the sampling program indicated
trichloroethene (TCE) was present in the groundwater. Tinker AFB, through the Tulsa
District Corps of Engineers (COE), conducted remedial investigations from 1986 to 1989 to
determine the nature and extent of groundwater contamination. The investigations
determined that chromium and TCE were chemicals of concern (COCs) in groundwater. On
July 22, 1987, the Building 3001 and the Soldier Creek sites were added to the National
Priorities List (NPL). In 1990 and 1991, B&V conducted a Phase I and Phase I Remedial
Investigation/Feasibility Study (RI/FS) to determine the extent of sediment and surface water
contamination along East, West, and Main Soldier Creck. As part of the RI, B&V performed
a baseline human health RA and concluded that sediment and surface water in Soldier Creek
did not pose an unacceptable risk to human health (B&V 1993). WCEFS prepared subsequent
RAs and again found that the sediment and surface water in East and West Soldier Creeks did
not pose an unacceptable risk to human health (WCFS 1996, 1997b, 1997c¢).
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Since submission of the RI/FS reports, Tinker AFB has reduced or climinated releases to
Soldicr Creek from several outfalls, ncluding the IWTP outfall, which was closed in April of

1996.

The TWTP. located in the northeastern portion of the Base, receives industrial process
discharge waters from the Building 3001 complex and other buildings and operations in the
arca through a series of underground lines. These waters were treated and discharged to East
Soldier Creek under a National Pollutant Discharge Elimination System (NPDES) permit.
The IWTP is currently used as a pretreatment facility and no longer discharges to East Soldicr
Creek on a regular basis. However, the IWTP outfall is still permitted for use in case of
emergency. In the past, a sanitary wastewater treatment facility also discharged to East
Soldier Creek under the same permit as the IWTP. Sanitary waste currently discharges
directly to the Oklahoma City POTW.

NUS Corporation (1989) conducted a storm sewer investigation to characterize the sources of
the outfalls from Tinker AFB to Soldier Creek. This study identified the following four

categories of waste discharge:

I) process discharge, such as cooling tower blowdown,

2) low volume sources, such as oils derived from compressors, vacuum pumps and
fume handling systems,

3) cross-contamination between waste systems and storm sewers, and

4) inappropriate disposal of wastes, such as solvents and lubricating oils, into floor
drains and catch basins (believed to represent the primary source of contamination
to Soldier Creek).

Discharges from the various Tinker AFB outfalls represent semi-continuous sources to both
East and West Soldier Creeks. It is likely that the Tinker AFB outfalls will have year-round
influence on surface water quality, while site runoff is more likely to influence surface water

in a seasonal fashion.
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1.3 SITE PHYSICAL SETTING

Tinker AFB is located in an area characterized by gently rolling hills, broad flat plains, and
well-entrenched main streams.  Ground clevations range from 1,210 fect above mean sca
level (MSL) on the northwest side of the Base to about 1.320 feet above MSIL. at the southeast
corner of the Base (Radian 1985). Historic data from the Tinker AFB weather station
indicate that the average annual precipitation at Tinker AFB is approximately 34 inches per
year. Rainfall occurs in a distinct, seasonal pattern ranging from a high of 5.8 inches in May

to alow of 1.2 inches in January (Parsons 1996).

Soldier Creek and its tributaries receive surface runoff from approximately 9,000 acres.
Tinker AFB’s easternmost runway areas and the Building 3001 complex contribute surface
water runoff and/or effluent discharge to Soldier Creek. The Building 3001 complex consists
of an aircraft overhaul and modification complex to support the mission of the Oklahoma

City Air Logistics Center.

1.4 OBJECTIVES AND SCOPE OF THE HUMAN HEALTH RISK
ASSESSMENT

Three previous RAs for East and West Soldier Creeks surface water and sediment were
performed by WCFS (1996, 1997b, 1997¢). The purpose of this RA is to provide
information on potential current and future human health risks based on current contaminant
levels. The results from this RA will be compared to the results of the three previous RAs to
determine if the previous conclusions are still valid. This RA was bascd on the same
cxposure scenarios and the majority of the exposure assumptions that werc used in the
previous RAs so that the results could be compared with the previous results. However, the
methodology used for the three previous assessments was updated to be consistent with the
current USEPA Region IV Guidance (USEPA 1996). Therefore, the risk assessments are not
completely comparable. The greatest difference between the 1996 and 1992 USEPA Region
IV Guidance documents is the process used to select COPCs. This RA also updated the
cleanup goals developed in the previous RA (WCFS 1997¢) for stream surface water and

sediment based on the protection of human populations.

USEPA guidance documents used to conduct the RA include RAGS (USEPA 1989a),
Exposure Factors Handbook (USEPA 1989b), Standard Default Exposure Factors (USEPA
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1991a), Integrated Risk Information System on-line databasc (IRIS; USEPA 1998a), Dermual
Exposure Assessment: Principles and A pplications (USEPA 1992a), Supplemental Region IV
Risk Assessment Guidance (USEPA 1996), and Risk Assessment Guidance Jor Superfund
Part B, Development of Risk-based Preliminary Remediation Goals (USEPA 1991b).

Soldier Creek was separated into three scgments lor cvaluation in the RA. Because the
contaminants and contaminant sources in East Soldier Creck are different from those in West
Soldier Creek, East and West Soldier Creeks were evaluated separatcly. Additionally, the on-
Base stream segments were evaluated separately from the off-Base segments because of the
differences in the potentially exposed populations. The stream segments that were cvaluated
in this RA are the samc as thosc evaluated in the three previous RAs (WCFS 1996, 1997b.,
1997¢), with the exception that the on-Base portion of West Soldier Creek was not evaluated
i the current RA. Tinker AFB began remediation of the on-Base portion of West Soldier
Creek in July 1998. This remediation includes excavating sediment and lining the channel
with concrete. Consequently, surface water and sediment samples were not collected from
the on-Base segment of West Soldier Creck during the July 1998 semi-annual sampling. The

stream segments evaluated in this RA include:

. Off-Base West Soldier Creck
. On-Base East Soldier Creck

° Off-Base East Soldier Creek
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2.0 CHEMICALS OF POTENTIAL CONCERN

The first step in the RA was the identification of COPC's for quantitative evaluation. The
COPCs represent those chemicals that pose the greatest risk to human health at the site.
Thus, the quantification of potential health risks poscd by the site can be focused on the
COPCs without significantly underestimating the total risk. COPC's were selected separately
for sediment and surface water for cach of the three stream segments evaluated in the RA.
The COPC selection process used in this RA was different from the process used in the three
previous RAs. The COPC sclection process was updated to be consistent with more recent
USEPA Region IV Guidance (USEPA 1996). This scction begins with an identification of
the data evaluated in the RA, followed by a discussion of the COPC sclection process, and
identification of the COPCs.

2.1 DATA

Surface water and sediment samples were collected from Soldier Creek in January and July
of 1998. Figure 2-1 identifies the Soldier Creek sampling locations. The samples were
analyzed for volatile organic constituents (VOCs), semivolatile organic constituents
(SVOCs), PCBs/pesticides, and metals. As discussed previously, three separate areas were

cvaluated in the RA. Table 2-1 lists the sampling locations associated with each area.
2.2 SELECTION OF COPCS

Although the analytical results identified a number of chemicals present in sediment and
surface water samples from East and West Soldier Creek, not all of these chemicals are likely
to pose risks to human health. Therefore, the data were screened following the method
described below to focus the assessment on those chemicals of greatest potential concern for

human health. Compounds were systematically excluded based on the following criteria:
. The compound was not detected in any sample.

o The compound was identified as a laboratory contaminant.
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. The compound was detected at a concentration below the risk-based screening
concentration.

J The compound is an essential nutrient and has a low inherent toxicity.

. The compound was detected at background levels.

The following sections present the COPC sclection process and final lists of COPCs for
surface water and sediment from East and West Soldicr Creeks (on-Base and off-Base).
Tables 2-2 through 2-7 list the chemicals analyzed for in the different stream segments and
media, indicate if the chemical was selected as a COPC, and include the reason for exclusjon

if the chemical was not selected as a COPC.

o Table 2-2: Surface water from off-Base portion of West Soldier Creck.
o Table 2-3: Surface water from on-Base portion of East Soldier Creek
. Table 2-4: Surface water from off-Base portion of East Soldier Creek.
. Table 2-5: Sediment from off-Base portion of West Soldier Creck.

. Table 2-6: Sediment from on-Base portion of East Soldier Creek.

. Table 2-7: Sediment from of-Base portion of East Soldier Creek.

2.2.1 Chemicals Not Detected

Chemicals that were not detected in a specific stream segment and medium were excluded
from the COPC list for that stream segment and medium. The COPC summary tables
(Tables 2-2 through 2-7) list the chemicals excluded from the COPC list because they were
not detected.
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2.2.2  Laboratory Contaminants

Chemicals, which were qualificd with a ‘B’ (indicating blank contamination) by the
laboratory, n all samples in which they were detected in a specific stream segment and
media, were assumed not detected in the site media and were excluded from the COPC list.
Chemicals that are common laboratory contaminants are qualified with a *B" if the
concentration in the sample is not greater than ten times the concentration in the associated
blank sample.  Common laboratory contaminants include acctone, 2-butanone, methylene
chloride, toluene, and phthalate csters.  Chemicals that arc not common laboratory
contaminants are qualified with a ‘B” if the concentration in the sample 1s not greater than
five times the concentration in the associated blank sample.  Constituents for which all
detects were qualified with a B within a data grouping are indicated as not detected in Tables

2-2 through 2-7 and were not retained as COPCs.
2.2.3 Risk-Based Screening

Chemicals detected in the surface water were compared to the Water Quality Standard for
human health for the consumption of water and organisms (WQS; from 40 CFR 131.30, July
1, 1997). If the maximum detected concentration of a chemical was below the WQS, that

chemical was not retained as COPC for that media and data grouping.

The maximum detected chemical concentration in sediment was compared to the USEPA
Region III Risk-Based Concentration (RBC) for residential soil ingestion (USEPA 1998b).
The RBCs in the USEPA Region Il RBC Table for noncarcinogenic chemicals are based on
a hazard index of 1.0. These RBCs were adjusted to a hazard index of 0.1 for the risk-based
screening. The RBCs for carcinogenic chemicals were not adjusted and are based on a

carcinogenic risk of 1x10°,

Tables 2-8 through 2-13 present the risk-based screening and indicate which chemicals were

retained as COPCs based on this step of the COPC sclection process.

2.2.4 Essential Nutrients

Chemicals that are essential nutrients, present at low concentrations only slightly above

naturally occurring levels, and toxic only at very high doses were excluded from
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consideration in the RA (USEPA 1989a). Chemicals that were considered essential nutrients
in this assessment are calcium, magnesium, potassium. and sodium (USEPA 1996). The
cstimated intakes of essential nutrients detected in surface water and sediment were
compared with the recommended daily allowances (RDAs) established by the National
Research Council (NRC 1989). The estimated daily intake was calculated assuming that an
individual ingests 0.5 L/day of surface water (upper-bound water ingestion rate assuming 10)
hours of swimming) or 100 mg/kg of scdiment (upper-bound daily soil ingestion rate for

adults).

Tables 2-14 through 2-19 show the comparison of the intake of essential nutrients to their

RDAs and indicate which chemicals were retained as COPCs.
2.2.5 Chemicals Present at Background Concentrations

The maximum detected concentrations of inorganic constituents were compared to naturally
occurring background concentrations to identify constituents that arc not associated with site
contamination. The average concentrations from samples collected from an upstream, off-
Base portion of Crutcho Creek (PES 1996) were considered representative of background
concentrations.  Chemicals detected at concentrations within two times the average
background concentrations were assumed to be present at background levels (USEPA 19906),
and were not included on the COPC list. Tables 2-20 through 2-25 compare the maximum
detected concentration to two times the background concentration and indicate if the

chemical was retained as a COPC.
2.3 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

The COPCs were selected based on the criteria discussed above for each environmental
medium (surface water and sediment) in each stream segment. The constituents retained as
COPCs are further evaluated in the quantitative RA to determine whether they may
contribute risks to the human receptors discussed in Section 3.0. Tables 2-26 through 2-31
list the maximum and minimum detected concentrations and the frequency of detection for
the COPCs, as follows:
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. Table 2-26: COPCs for surface water in the off-Basc portion of West Soldier
Creck.

. Table 2-27: COPCs for surface water in the on-Base portion of East Soldicr
Crecek.

o Table 2-28: COPCs for surface water in the off-Basc portion of East Soldier
Creek.

o Table 2-29: COPCs for sediment in the off-Base portion of West Soldier
Creek.

. Table 2-30: COPCs for sediment in the on-Base portion of East Soldicr Creck.

o Table 2-31: COPCs for sediment in the off-Basc portion of East Soldier
Creek.
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TABLE 2-1

SAMPLING LOCATIONS IN EACH STREAM SEGMENT

AREA SAMPLE ILOCATION
Off-Base West Soldier Creck QW05
QW06

On-Base Fast Soldier Creek QEO1
OQE02
QL3
Q104
QLEO05
QL06
QLE07
QEO8
QE09

Off-Base Ilast Soldier Creek QE10
QF11
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TABLE 2-2

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) copC? Reason For Exclusion®
Metals
Aluminum 4 4 (.45 No Below Background
Antimony 2 / 4 0.0018 No Below WQS
Arsenic 0 / 4 No Not Detected
Barium 4 4 0.43 No Below Background
Beryllium 0 4 No Not Detected
Cadmium 2 / 4 0.0003 Yes
Calcium 4 / 4 53.2 No Below RDA
Chromium 4 / 4 0.012 Yes
Cobalt 2 / 4 0.000106 Yes
Copper 4 / 4 0.0055 No Below Background
Iron 4 / 4 0.59 No Below Background
Lead 4 / 4 0.0019 No Below Action Level
Magnesium 4 / 4 234 No Below RDA
Manganese 4 / 4 0.047 No Below Background
Mercury 2 / 4 0.0000064 No Below WQS
Molybdenum 4 / 4 0.0035 Yes
Nickel 4 / 4 0.0062 No Below WQS
Potassium 2 / 4 [.3 No Below RDA
Selenium 2 / 4 0.0011 Yes
Silver 1 / 4 0.000081 Yes
Sodium 4 / 4 242 No Below RDA
Thallium 2 / 4 0.000038 No Below WQS
Yanadium 4 / 4 0.014 Yes
Zinc 4 / 4 0.039 No Below Background
PCBs/Pesticides
4.4'-DDD 0 / 4 No Not Detected
4. 4'-DDE 0 / 4 No Not Detected
4.4'-DDT 0 / 4 No Not Detected
Aldrin 0 / 4 No Not Detected
alpha-BHC 0 / 4 No Not Detected
alpha-Chlordane 0 / 4 No Not Detected
Aroclor 1016 0 / 4 No Not Detected
Aroclor 1221 0 / 4 No Not Detected
Aroclor 1232 0 / 4 No Not Detected
Aroclor 1242 0 / 4 No Not Detected
Aroclor 1248 0 / 4 No Not Detected
Aroclor 1254 0 / 4 No Not Detected
Aroclor 1260 0 / 4 No Not Detected
beta-BHC 0 / 4 No Not Detected
delta-BHC 0 / 4 No Not Detected
Dieldrin 0 / 4 No Not Detected
Endosulfan 1 0 / 4 No Not Detected
Endosulfan 11 0 / 4 No Not Detected
Endosulfan sulfate 0 / 4 No Not Detected
Endrin 0 / 4 No Not Detected
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TABLE 2-2

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected
Chemical Frequency of Detection (mg/L.) COPC? Reason For Exclusion®

Endrin Aldchyde 0 / 4 No Not Detected
camma-BHC (Lindane) 0 / 4 No Not Detected
camma-Chlordane 0 / 4 No Not Detected
Heptachlor 0 / 4 No Not Detected
Heptachlor epoxide 0 / 4 No Not Detected
Methoxychlor 0 / 4 No Not Detected
Toxaphene 0 / 4 No Not Detected
Semivolatile Organics

1,2,4,5-Tetrachloro-benzene 0 / 4 No Not Detected
1,2,4-Trichlorobenzene 0 / 4 No Not Detected
1,2-Dichlorobenzene 0 / 4 No Not Detected
1,3-Dichlorobenzene 0 / 4 No Not Detected
1,3-Dinitrobenzene 0 / 4 No Not Detected
1,4-Dichlorobenzene 0 / 4 No Not Detected
1-Chloronaphthalene 0 / 4 No Not Detected
1-Naphthylamine 0 / 4 No Not Detected
2.2"-oxybis(1-Chloropropane) 0 / 2 No Not Detected
2,3,4,6-Tetrachlorophenol 0 / 4 No Not Detected
2.4,5-Trichlorophenol \ / 4 No Not Detected
2,4,6-Trichlorophenol 0 / 4 No Not Detected
2.,4-Dichlorophenol 0 / 4 No Not Detected
2,4-Dimethylphenol 0 / 4 No Not Detected
2,4-Dinitrophenol 0 / 4 No Not Detected
2,4-Dinitrotoluene 0 / 4 No Not Detected
2,6-Dichlorophenol 0 / 4 No Not Detected
2,0-Dinitrotoluene 0 / 4 No Not Detected
2-Chloronaphthalene 0 / 4 No Not Detected
2-Chlorophenol 0 / 4 No Not Detected
2-Methylnaphthalene 0 / 4 No Not Detected
2-Methylphenol 0 / 4 No Not Detected
2-Naphthylamine 0 / 4 No Not Detected
2-Nitrophenol 0 / 4 No Not Detected
2-Picoline 0 / 4 No Not Detected
3,3"-Dichlorobenzidine 0 / 4 No Not Detected
3,3'-Dimethylbenzidine 0 / 4 No Not Detected
3/4-Methylphenol 0 / 4 No Not Detected
3-Methylcholanthrenc 0 / 4 No Not Detected
3-Nitroaniline 0 / 4 No Not Detected
4,6-Dinitro-2-methylphenol 0 / 4 No Not Detected
4-Aminobiphenyl 0 / 4 No Not Detected
4-Bromophenyl phenyl ether 0 / 4 No Not Detected
4-Chloro-3-methylphenol 0 / 4 No Not Detected
i4-Chloroaniline 0 / 4 No Not Detected
4-Chlorophenyl phenyl ether 0 / 4 No Not Detected
4-Dimethylaminoazobenzene 0 / 2 No Not Detected
4-Nitroaniline 0 / 4 No Not Detected
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TABLE 2-2

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) COPC? Reason For Exclusion”
4-Nitrophenol 0 / 4 No Not Detected
7,12-Dimethylbenz(a)-anthracene 8] 4 No Not Detected
a,a-Dimethylphencthyl-amine 0 / 4 No Not Detected
Acenaphthence 0 / 4 No Not Detected
Accnaphthylene 0 / 4 No Not Detected
Acetophenone 0 / 4 No Not Detected
Aniline 0 / 4 No Not Detected
Anthracene 0 / 4 No Not Detected
Azobenzence 0 / 4 No Not Detected
Benzidine 0 / 4 No Not Detected
Benzo(a)anthracene 0 / 4 No Not Detected
Benzo(a)pyrene 0 / 4 No Not Detected
Benzo(b)fluoranthene 0 / 4 No Not Detected
Benzo(g,h,i)perylene 0 / 4 No Not Detected
Benzo(k)fluoranthene 0 4 No Not Detected
Benzoic acid 0 / 4 No Not Detected
Benzyl alcohol 0 / 4 No Not Detected
bis(2-Chlorocthoxy)methane 0 / 4 No Not Detected
bis(2-Chloroethyl) ether 0 / 4 No Not Detected
bis(2-Chloroisopropyl) ether 0 / 2 No Not Detected
bis(2-Ethylhexyl)phthalate I / 4 0.00306 Yes
Butyl benzyl phthalate 0 / 4 No Not Detected
Chrysenc 0 / 4 No Not Detected
Dibenz(a,h)anthracene 0 / 4 No Not Detected
Dibenz(a,j)acridine 0 / 4 No Not Detected
Dibenzofuran 0 / 4 No Not Detected
Dicthyl phthalate 0 / 4 No Not Detected
Dimethyl phthalate 0 / 4 No Not Detected
Di-n-butyl phthalate 1 / 4 0.002 No Below WQS
Di-n-octyl phthalate 0 / 4 No Not Detected
Diphenylamine 0 / 4 No Not Detected
Ethyl methanesulfonate 0 / 4 No Not Detected
Fluoranthene 0 / 4 No Not Detected
Fluorene 0 / 4 No Not Detected
Hexachlorobenzene 0 / 4 No Not Detected
Hexachlorobutadiene 0 / 4 No Not Detected
Hexachlorocyclopentadiene 0 / 4 No Not Detected
Hexachloroethane 0 / 4 No Not Detected
Indeno(1,2,3-cd)pyrenc 0 / 4 No Not Detected
Isophorone 0 / 4 No Not Detected
Methyl methanesulfonate 0 / 4 No Not Detected
Naphthalene 0 / 4 No Not Detected
Nitrobenzene 0 / 4 No Not Detected
N-Nitroso-di-n-butylamine 0 / 4 No Not Detected
N-Nitroso-di-n-propylamine 0 / 4 No Not Detected
N-Nitrosodiphenylamine 0 / 4 No Not Detected
N-Nitrosopiperidine 0 / 4 No Not Detected
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TABLE 2-2

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L.) COPC? Reason For Exclusion®
p-Dimethylaminoazobenzene 0 / 4 No Not Detected
Pentachlorobenzene 0 / 4 No Not Detected
Pentachloronitrobenzene 0 4 No Not Detected
Pentachlorophenol 0 / 4 No Not Detected
Phenacetin 0 / 4 No Not Detected
Phenanthrene 0 / 4 No Not Dectected
Phenol 0 / 4 No Not Detected
Pronamide 0 / 4 No Not Detected
Pyrene 0 / 4 No Not Detected
Volatile Organics
1,1,1,2-Tetrachloroethane 0 / 4 No Not Detected
1,1,1-Trichlorocthanc 0 / 4 No Not Detected
1,1,2,2-Tetrachloroethane 0 / 4 No Not Detected
1,1,2-Trichloroethane 0 / 4 No Not Detected
1,1-Dichlorocthane 0 / 4 No Not Detected
1,1-Dichloroethene 0 / 4 No Not Detected
1,2,3-Trichloropropane 0 / 4 No Not Detected
1,2-Dichloroethane 0 / 4 No Not Detected
1,2-Dichloropropanc 0 / 4 No Not Detected
2-Butanone (MEK) 0 / 4 No Not Detected
2-Chloroethyl vinyl ether 0 / 4 No Not Detected
2-Hexanone 0 / 4 No Not Detected
4-Methyl-2-pentanonc (MIBK) 0 / 4 No Not Detected
Acctone 0 / 4 No Not Detected
Acrolein 0 / 4 No Not Detected
Acrylonitrile 0 / 4 No Not Detected
Benzene 0 / 4 No Not Detected
Bromodichloromethane 0 / 4 No Not Detected
Bromoform 0 / 4 No Not Detected
Bromomethane 0 / 4 No Not Detected
Carbon disulfide 0 / 4 No Not Detected
Carbon tetrachloride 0 / 4 No Not Detected
Chlorobenzene 0 / 4 No Not Detected
Chloroethane 0 / 4 No Not Detected
Chloroform 0 / 4 No Not Detected
Chloromethane 0 / 4 No Not Detected
cis-1,3-Dichloropropenc 0 / 4 No Not Detected
Dibromochloromethane 0 / 4 No Not Detected
Dibromomethane 0 / 4 No Not Detected
Dichlorodifluoromethane 0 / 4 No Not Detected
Ethanol 0 / 4 No Not Detected
Ethyl methacrylate () / 4 No Not Detected
Ethylbenzene 0 / 4 No Not Detected
[odomethane 0 / 4 No Not Detected
Methylene chloride 0 / 4 No Not Detected
Styrene 0 / 4 No Not Detected
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TABLE 2-2

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/1.) COPC? Reason For Exclusion”
T'ctrachloroethene 0 / 4 No Not Detected
Toluene (0 / 4 No Not Detected
trans-1.2-Dichlorocthene 0 4 No Not Detected
trans-1,3-Dichloropropene 0 / 4 No Not Detected
trans-1,4-Dichloro-2-butene 0 / 4 No Not Detected
Trichlorocthene 0 / 4 No Not Detected
Trichlorofluoromethanc 4] / 4 No Not Detected
Vinyl acetate 0 / 4 No Not Detected
Vinyl chloride 0 4 No Not Detected
Xylenes (total) 0 / 4 No Not Detected

Note:

a. Below WQS - see WQS comparison on Table 2-8
Below Action Level - sec WQS comparison on Table 2-§
Below RDA - see RDA comparison on Table 2-14

Below Background - see background comparison on Table 2-20
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TABLE 2-3

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) COPC? Reason For Exclusion®
Metals
Aluminum IS / 18 0.88 No Below Background
Antimony 4 / 18 0.00069 No Below WQS
Arsenic () / 18 No Not Detected
Barium 18 18 0.52 No Below Background
Beryllium 1 / 18 0.000068 Yes
Cadmium 12 / 18 0.01 Yes
Calcium 18 / 18 553 No Below RDA
Chromium 18 / 18 0.025 Yes
Cobalt 9 / 18 0.00045 Yes
Copper 18 / 18 0.14 Yes
Iron 13 / 18 | No Below Background
Lead 16 / 18 0.0091 No Below Action Level
Magnesium 18 / 18 20.5 No Below RDA
Manganese 18 / 18 0.053 No Below Background
Mercury 0 / 18 No Not Detected
Molybdenum 14 / 18 0.0036 Yes
Nickel 18 18 0.015 No Below WQS
Potassium 9 / I8 1.9 No Below RDA
Selenium 9 / 18 0.0022 Yes
Silver 0 / 18 No Not Detected
Sodium 18 / 18 36.3 No Below RDA
Thallium 8 / 18 0.000042 No Below WQS
Vanadium 18 / 18 0.016 Yes
Zinc 18 / 18 0.056 No Below Background
PCBs/Pesticides
4.4'-DDD 0 / 18 No Not Detected
4,4'-DDE 0 / 18 No Not Detected
4.4'-DDT 0 / 18 No Not Detected
Aldrin 0 / 18 No Not Detected
alpha-BHC 0 / 18 No Not Detected
alpha-Chlordane 0 / 18 No Not Detected
Aroclor 1016 0 / 18 No Not Detected
Aroclor 1221 0 / 18 No Not Detected
Aroclor 1232 0 / 18 No Not Detected
Aroclor 1242 0 / 18 No Not Detected
Aroclor 1248 0 / 18 No Not Detected
Aroclor 1254 0 / 18 No Not Detected
Aroclor 1260 0 / 18 No Not Detected
beta-BHC 0 / 18 No Not Detected
delta-BHC 0 / 18 No Not Detected
Dieldrin 1 / 18 0.000029 Yes
Endosulfan 1 0 / 18 No Not Detected
Endosulfan 11 0 / 18 No Not Detected
Endosulfan sulfate 0 / 18 No Not Detected
Endrin 0 / 18 No Not Detected
Endrin Aldehyde 0 / 18 No Not Detected
gamma-BHC (Lindane) 0 / 18 No Not Detected
gamma-Chlordane 0 / 18 No Not Detected
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TABLE 2-3

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected
Chemical Frequency of Detection (mg/L.) COPC? Reason For Exclusion®

Heptachlor | / 18 0.000024 Yes

Heptachlor epoxide 0 18 No Not Detected
Mecthoxychlor 0 / 18 No Not Detected
‘Toxaphene 0 18 No Not Detected
Semivolatile Organics

1,2,4 5-Tetrachloro-benzene 0 / 18 No Not Detected
1,2.4-Trichlorobenzene 0 / 18 No Not Detected
1,2-Dichlorobenzene 0 / 18 No Not Detected
1,3-Dichlorobenzene 0 / 18 No Not Detected
1.3-Dinitrobenzene 0 / 18 No Not Detected
I,4-Dichlorobenzene 0 / 18 No Not Detected
1-Chloronaphthalene 0 / 18 No Not Detected
|-Naphthylamine 0 / 18 No Not Detected
2,2'-0xybis(1-Chloropropanc) 0 / 9 No Not Detected
2,3,4,6-Tetrachlorophenol! 0 / 18 No Not Detected
2.,4,5-Trichlorophenol 0 / 18 No Not Detected
2,4,6-Trichlorophenol 0 / 18 No Not Detected
2,4-Dichlorophenol 0 / 18 No Not Detected
2,4-Dimethylphenol 0 / 18 No Not Detected
2,4-Dinitrophenol 0 / 18 No Not Detected
2,4-Dinitrotoluene 0 / 18 No Not Detected
2,6-Dichlorophenol 0 / 18 No Not Detected
2,6-Dinitrotoluene 0 / 18 No Not Detected
2-Chloronaphthalene 0 / 18 No Not Detected
2-Chlorophenol 0 / 18 No Not Detected
2-Methylnaphthalene 0 / 18 No Not Detected
2-Methylphenol 0 / 18 No Not Detected
2-Naphthylamine 0 / 18 No Not Detected
2-Nitrophenol 0 / 18 No Not Detected
2-Picoline 0 / 18 No Not Detected
3,3'-Dichlorobenzidine 0 / 18 No Not Detected
3.,3'-Dimethylbenzidine 0 / 18 No Not Detected
3/4-Methylphenol 0 / 18 No Not Detected
3-Methylcholanthrene 0 / 18 No Not Detected
3-Nitroanilinc 0 / 18 No Not Detected
4,6-Dinitro-2-methylphenol 0 / 18 No Not Detected
4-Aminobiphenyl 0 / 18 No Not Detected
4-Bromophenyl phenyl ether 0 / 18 No Not Detected
4-Chloro-3-methylphenol 0 / 18 No Not Detected
4-Chloroaniline 0 / 18 No Not Detected
4-Chlorophenyl phenyl ether 0 / 18 No Not Detected
4-Dimethylaminoazobenzene 0 / 9 No Not Detected
4-Nitroaniline 0 / 18 No Not Detected
4-Nitrophenol 0 / 18 No Not Detected
7,12-Dimethylbenz(a)-anthracene 0 / 18 No Not Detected
a,a-Dimethylphenethyl-amine 0 / 18 No Not Detected
Acenaphthene 0 / 18 No Not Detected
Acenaphthylene 0 / 18 No Not Detected
Acetophenone 0 / 18 No Not Detected
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CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SURFACE WATER

TABLE 2-3

Maximum Detected
Chemical Frequency of Detection (mg/L) CcOPC? Reason For Exclusion®

Antlinc 0 / 18 No Not Detected
Anthracene 0 18 No Not Detected
Azobenzene 0 / 18 No Not Detected
Benzidine 0 18 No Not Detected
Benzo(a)anthracene 0 18 No Not Detected
Benzo(a)pyrene 0 / 18 No Not Detected
Benzo(b)fluoranthene 0 / 18 No Not Detected
Benzo(g,h,i)perylene 0 / 18 No Not Detected
Benzo(k)fluoranthene 0 / 18 No Not Detected
Benzoic acid 0 / 18 No Not Detected
Benzyl alcohol 0 / 18 No Not Detected
bis(2-Chlorocthoxy)methane 0 / 18 No Not Detected
bis(2-Chlorocthyl) cther 0 / 18 No Not Detected
bis(2-Chloroisopropyl) cther 0 / 18 No Not Detected
bis(2-Ethylhexyl)phthalate 3 / 18 0.14 Yes

Butyl benzyl phthalate 0 / 18 No Not Detected
Chrysene 0 / 18 No Not Detected
Dibenz(a,h)anthracene 0 / I8 No Not Detected
Dibenz(a,j)acridine 0 / 18 No Not Detected
Dibenzofuran 0 / 18 No Not Detected
Dicthyl phthalate 0 / 18 No Not Detected
Dimethyl phthalate 0 / 18 No Not Detected
Di-n-butyl phthalate 0 / 18 No Not Detected
Di-n-octyl phthalate 0 / 18 No Not Detected
Diphenylamine 0 / 18 No Not Detected
Ethyl methancsulfonate 0 / 18 No Not Detected
Fluoranthene 0 / 18 No Not Detected
Fluorene 0 / 18 No Not Detected
Hexachlorobenzene 0 / 18 No Not Detected
Hexachlorobutadicne 0 / 18 No Not Detected
Hexachlorocyclopentadicene 0 / 18 No Not Detected
Hexachloroethane 0 / 18 No Not Detected
Indeno(1,2,3-cd)pyrene 0 / 18 No Not Detected
Isophorone 0 / 18 No Not Detected
Methyl methanesulfonate 0 / 18 No Not Detected
Naphthalene 0 / 18 No Not Detected
Nitrobenzene 0 / 18 No Not Detected
N-Nitroso-di-n-butylamine 0 / 18 No Not Detected
N-Nitroso-di-n-propylamine 0 / 18 No Not Detected
N-Nitrosodiphenylamine 0 / 18 No Not Detected
N-Nitrosopiperidine 0 / 18 No Not Detected
p-Dimethylaminoazobenzene 0 / 18 No Not Detected
Pentachlorobenzene 0 / 18 No Not Detected
Pentachloronitrobenzene 0 / 18 No Not Detected
Pentachlorophenol 0 / 18 No Not Detected
Phenacetin 0 / 18 No Not Detected
Phenanthrene 0 / 18 No Not Detected
Phenol 0 / 18 No Not Detected
Pronamide 0 / 18 No Not Detected
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TABLE 2-3

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) COPC? Reason For Exclusion®
Pyrene 0 / 18 No Not Detected
Volatile Organics
1.1,1,2-Tetrachloroethane 0 / 18 No Not Detected
1.1, 1-Trichlorocthanc 0 18 No Not Detected
1.1,2,2-Tetrachloroethane 0] / 18 No Not Detected
1,1,2-Trichloroethane 0 / 18 No Not Detected
1,1-Dichloroethane [} 18 No Not Detected
I,1-Dichloroethene 0 / 18 No Not Detected
1,2.3-Trichloropropane 0 / 18 No Not Detected
1,2-Dichloroethanc 0 / 18 No Not Detected
1,2-Dichloropropane 0 / 18 No Not Detected
2-Butanone (MEK) 0 / 18 No Not Detected
2-Chloroethyl vinyl ether 0 / 18 No Not Detected
2-Hexanone 0 / 18 No Not Detected
4-Methyl-2-pentanone (MIBK) 0 / 18 No Not Detected
Acetone 9 / 18 0.0038 Yes
Acrolein 0 / 18 No Not Detected
Acrylonitrile 0 / 18 No Not Detected
Benzene 0 / 18 No Not Detected
Bromodichloromethane 0 / 18 No Not Detected
Bromoform 3 / 18 0.0014 No Below WQS
Bromomethanc 0 / 18 No Not Detected
Carbon disulfide 0 / 18 No Not Detected
Carbon tetrachloride 0 / 18 No Not Detected
Chlorobenzene 0 / 18 No Not Detected
Chlorocthane 0 / 18 No Not Detected
Chloroform 0 / 18 No Not Detected
Chloromethane 0 / 18 No Not Detected
cis-1,3-Dichloropropenc 0 / 18 No Not Detected
Dibromochloromethane 0 / 18 No Not Detected
Dibromomethane 0 / 18 No Not Detected
Dichlorodifluoromethane 0 / 18 No Not Detected
Ethanol 0 / 18 No Not Detected
Ethyl methacrylate 0 / 18 No Not Detected
Ethylbenzene 0 / 18 No Not Detected
lodomethance 0 / 18 No Not Detected
Methylene chloride 6 / I8 0.0022 No Bcelow WQS
Styrene 0 / 18 No Not Detected
Tetrachloroethene 1 / 18 0.0015 Yes
Toluene 0 / 18 No Not Detected
trans-1,2-Dichloroethenc 0 / 18 No Not Detected
trans-1,3-Dichloropropenc 0 / 18 No Not Detected
trans-1,4-Dichloro-2-butene 0 / 18 No Not Detected
Trichloroethene 0 / 18 No Not Detected
Trichlorofluoromethane 0 / 18 No Not Detected
Vinyl acetate 0 / 18 No Not Detected
Vinyl chloride 0 / 18 No Not Detected
Xylenes (total) 0 / 18 No Not Detected
Note:
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TABLE 2-3

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected
Chemical Frequency of Detection (mg/L) COPC? Reason For Exclusion®

a. Below WQS - see WQS comparison on Table 2-9
Below Action Level - sce WQS comparison on Table 2-9
Below RDA - see RDA comparison on Table 2-15
Below Background - see background comparison on Table 2-21
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TABLE 2-4

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) copPC? Reason For Exclusion®
Metals
Aluminum 4 4 0.5 No Below Background
Antimony 3 / 4 0.0019 No Below WQS
Arscnic 0 / 4 No Not Detected
Barium 4 4 0.46 No Below Background
Beryllium 0 / 4 No Not Detected
Cadmium 4 / 4 0.0027 Yes
Calcium 4 / 4 493 No Below RDA
Chromium 4 / 4 0.012 Yes
Cobalt 2 / 4 0.00027 Yes
Copper 4 / 4 0.02 No Below Background
Iron 4 / 4 1.2 No Below Background
Lead 4 / 4 0.0038 No Below Action Level
Magnesium 4 / 4 23 No Below RDA
Manganese 4 / 4 0.12 No Below Background
Mercury 1 / 4 0.000046 No Below WQS
Molybdenum 4 / 4 0.0031 Yes
Nickel 4 / 4 0.0067 No Below WQS
Potassium 2 / 4 1.8 No Below RDA
Selenium 2 / 4 0.0039 Yes
Silver 0 / 4 No Not Detected
Sodium 4 / 4 19.8 No Below RDA
Thallium 2 / 4 0.000043 No Below WQS
Vanadium 4 / 4 0.013 Yes
Zinc 4 / 4 0.032 No Below Background
PCBs/Pesticides
4.4'-DDD 0 / 4 No Not Detected
4,4'-DDE 0 / 4 No Not Detected
4,4'-DDT 0 / 4 No Not Detected
Aldrin 0 / 4 No Not Detected
alpha-BHC 0 / 4 No Not Detected
alpha-Chlordane 0 / 4 No Not Detected
Aroclor 1016 0 / 4 No Not Detected
Aroclor 1221 0 / 4 No Not Detected
Aroclor 1232 0 / 4 No Not Detected
Aroclor 1242 0 / 4 No Not Detected
Aroclor 1248 0 / 4 No Not Detected
Aroclor 1254 0 / 4 No Not Detected
Aroclor 1260 0 / 4 No Not Detected
beta-BHC 0 / 4 No Not Detected
delta-BHC 0 / 4 No Not Detected
Dieldrin 0 / 4 No Not Detected
Endosulfan | 0 / 4 No Not Detected
Endosulfan 1 0 / 4 No Not Detected
Endosulfan sulfate 0 / 4 No Not Detected
Endrin 0 / 4 No Not Detected
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TABLE 2-4

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected
Chemical Frequency of Detection (mg/L) COoPC? Reason For Exclusion®

Endrin Aldchyde 0 4 No Not Detected
gamma-BHC (Lindanc) 0 4 No Not Detected
[gamma-Chlordane 0 / 4 No Not Detected
Heptachlor 0 / 4 No Not Detected
Heptachlor epoxide 0 / 4 No Not Detected
Methoxychlor 0 / 4 No Not Detected
'Toxaphene 0 / 4 No Not Detected
Semivolatile Organics

1,2,4,5-Tetrachloro-benzene 0 / 4 No Not Detected
1,2,4-Trichlorobenzene 0 4 No Not Detected
1,2-Dichlorobenzene 0 / 4 No Not Detected
1,3-Dichlorobenzence 0 / 4 No Not Detected
1,3-Dinitrobenzence 0 / 4 No Not Detected
1,4-Dichlorobenzene 0 / 4 No Not Detected
1-Chloronaphthalene 0 / 4 No Not Dectected
1-Naphthylamine 0 / 4 No Not Detected
2,2"-0xybis(1-Chloropropane) 0 / 2 No Not Detected
2,3,4,6-Tetrachlorophenol 0 / 4 No Not Detected
2,4,5-Trichlorophenol 0 / 4 No Not Detected
2,4,6-Trichlorophenol 0 / 4 No Not Detected
2,4-Dichlorophenol 0 / 4 No Not Detected
2,4-Dimethylphenol 0 / 4 No Not Detected
2,4-Dinitrophenol 0 / 4 No Not Detected
2,4-Dinitrotoluenc 0 / 4 No Not Detected
2,6-Dichlorophenol 0 / 4 No Not Detected
2,6-Dinitrotoluenc 0 / 4 No Not Detected
2-Chloronaphthalene 0 / 4 No Not Detected
2-Chlorophenol 0 / 4 No Not Detected
2-Methylnaphthalene 0 / 4 No Not Detected
2-Methylphenol 0 / 4 No Not Detected
2-Naphthylamine 0 / 4 No Not Detected
2-Nitrophenol 0 / 4 No Not Detected
2-Picoline 0 / 4 No Not Detected
3,3'-Dichlorobenzidine 0 / 4 No Not Detected
3,3'-Dimethylbenzidine 0 / 4 No Not Detected
3/4-Methylphenol 0 / 4 No Not Detected
3-Methylcholanthrene 0 / 4 No Not Detected
3-Nitroaniline 0 / 4 No Not Detected
4,6-Dinitro-2-methylphenol 0 / 4 No Not Detected
4-Aminobiphenyl 0 / 4 No Not Detected
4-Bromopheny! phenyl ether 0 / 4 No Not Detected
4-Chloro-3-methylphenol 0 / 4 No Not Detected
4-Chloroaniline 0 / 4 No Not Detected
4-Chlorophenyl phenyl ether 0 / 4 No Not Detected
4-Dimethylaminoazobenzene 0 / 2 No Not Detected
4-Nitroaniline 0 / 4 No Not Detected
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TABLE 2-4

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L) COPC? Reason For Exclusion®
4-Nitrophenol 0 / 4 No Not Detected
7,12-Dimcethylbenz(a)-anthracene 0 / 4 No Not Dctected
a,a-Dimethylphenethyl-amine 0 / 4 No Not Detected
Accnaphthene 0 / 4 No Not Detected
Acenaphthylene 0 / 4 No Not Detected
Acctophenone 0 / 4 No Not Detected
Aniline 0 / 4 No Not Detected
Anthracene 0 / 4 No Not Detected
Azobenzene 0 / 4 No Not Detected
Benzidine 0 / 4 No Not Detected
Benzo(a)anthracene 0 / 4 No Not Detected
Benzo(a)pyrene 0 / 4 No Not Detected
Benzo(b)fluoranthene 0 / 4 No Not Detected
Benzo(g,h,1)perylene 0 / 4 No Not Detected
Benzo(k)fluoranthene 0 / 4 No Not Detected
Benzoic acid 0 / 4 No Not Detected
Benzyl alcohol 0 / 4 No Not Detected
bis(2-Chloroethoxy)methanc 0 / 4 No Not Detected
bis(2-Chloroethyl) ether 0 / 4 No Not Detected

"bis(Z-Chloroisopropyl) cther 0 / 2 No Not Detected
bis(2-Ethylhexyl)phthalate 0 / 4 No Not Detected
Butyl benzyl phthalate 0 / 4 No Not Detected
Chrysenc 0 / 4 No Not Detected
Dibenz(a,h)anthracene 0 / 4 No Not Detected
Dibenz(a,j)acridine 0 / 4 No Not Detected
Dibenzofuran 0 / 4 No Not Detected
Dicthyl phthalate 0 / 4 No Not Detected
Dimethyl phthalate 0 / 4 No Not Detected
Di-n-buty! phthalate 0 / 4 No Not Detected
Di-n-octyl phthalate 0 / 4 No Not Detected
Diphenylamine 0 / 4 No Not Detected
Ethyl methanesulfonate 0 / 4 No Not Detected
Fluoranthene 0 / 4 No Not Detected
Fluorenc 0 / 4 No Not Detected
Hexachlorobenzene 0 / 4 No Not Detected
Hexachlorobutadiene 0 / 4 No Not Detected
Hexachlorocyclopentadicne 0 / 4 No Not Detected
Hexachloroethane 0 / 4 No Not Detected
Indeno(1,2,3-cd)pyrene 0 / 4 No Not Detected
Isophorone 0 / 4 No Not Detected
Methyl methanesulfonate 0 / 4 No Not Detected
Naphthalene 0 / 4 No Not Detected
Nitrobenzene 0 / 4 No Not Detected
N-Nitroso-di-n-butylamine 0 / 4 No Not Detected
N-Nitroso-di-n-propylamine 0 / 4 No Not Detected
N-Nitrosodiphenylamine 0 / 4 No Not Detected
N-Nitrosopiperidine 0 / 4 No Not Detected
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TABLE 2-4

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L.) COPC? Reason For Exclusion”
p-Dimethylaminoazobenzene 0 2 No Not Detected
Pentachlorobenzene 0 4 No Not Detected
Pentachloronitrobenzene 0 / 4 No Not Detected
Pentachlorophenol 0 4 No Not Detected
Phenacetin 0 ] 4 No Not Detected
Phenanthrene 0 / 4 No Not Detected
Phenol 0 / 4 No Not Detected
Pronamide 0 / 4 No Not Detected
Pyrene 0 / 4 No Not Detected
Volatile Organics
1,1,1,2-Tetrachloroethane 0 / 4 No Not Detected
1,1,1-Trichloroethane 0 / 4 No Not Detected
1,1,2,2-Tetrachloroethane 0 / 4 No Not Detected
1,1,2-Trichloroethane 0 / 4 No Not Detected
1,1-Dichloroethane 0 / 4 No Not Detected
1,1-Dichloroethene 0 / 4 No Not Detected
1,2,3-Trichloropropane 0 / 4 No Not Detected
1,2-Dichlorocthane 0 / 4 No Not Detected
1,2-Dichloropropane 0 / 4 No Not Detected
2-Butanone (MEK) 0 / 4 No Not Detected
2-Chloroethyl vinyl ether 0 / 4 No Not Detected
2-Hexanone 0 / 4 No Not Detected
4-Methyl-2-pentanone (MIBK) 0 / 4 No Not Detected
Acetone 1 / 4 0.0032 Yes
Acrolein 0 / 4 No Not Detected
Acrylonitrile 0 / 4 No Not Detected
Benzene 0 / 4 No Not Detected
Bromodichloromethane 0 / 4 No Not Detected
Bromoform 0 / 4 No Not Detected
Bromomethane 0 / 4 No Not Detected
Carbon disulfide 0 / 4 No Not Detected
Carbon tetrachloride 0 / 4 No Not Detected
Chlorobenzene 0 / 4 No Not Detected
Chloroethane 0 / 4 No Not Detected
Chloroform 0 / 4 No Not Detected
Chloromethane 0 / 4 No Not Detected
cis-1,3-Dichloropropene 0 / 4 No Not Detected
Dibromochloromethane 0 / 4 No Not Detected
Dibromomethane 0 / 4 No Not Detected
Dichlorodifluoromethane 0 / 4 No Not Detected
Ethanol 0 / 4 No Not Detected
Ethyl methacrylate 0 / 4 No Not Detected
Ethylbenzene 0 / 4 No Not Detected
lodomethane 0 / 4 No Not Detected
Methylene chloride 0 / 4 No Not Detected
Styrene 0 / 4 No Not Detected
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TABLE 2-4

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected

Chemical Frequency of Detection (mg/L.) CcCOPC? Reason For Exclusion®
Tetrachlorocthene 0 4 No Not Detected
Toluene 0 / 4 No Not Detected
trans-1,2-Dichloroethenc 0 / 4 No Not Detected
trans-1,3-Dichloropropenc 0 / 4 No Not Detected
trans-1.4-Dichloro-2-butene () / 4 No Not Detected
‘Trichloroethene 0 / 4 No Not Detected
‘Trichlorofluoromethanc 0 / 4 No Not Detected
Vinyl acetate () / 4 No Not Detected
Vinyl chloride 0 / 4 No Not Detected
Xylenes (total) 0 / 4 No Not Detected

Note:

a. Below WQS - sec WQS comparison on Table 2-10
Below Action Level - sce WQS comparison on Table 2-10
Below RDA - sce RDA comparison on Table 2-16

Below Background - sec background comparison on Table
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TABLE 2-5

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected

Chemical Frequency of Detection (mg/kg) CcoprC? Reason For Exclusion®
Metals
Aluminum 2 / 4 4220 No Below RBC
Antimony 0 / 4 No Not Detected
Arsenic 4 4 122 Yes
Barium 4 / 4 790 No Below Background
Berytlium 4 / 4 0.53 No Below RBC
Cadmium 4 / 4 12.1 Yes
Calcium 2 / 4 S7100 No Below RDA
Chromium 4 / 4 90.6 Yes
Cobalt 4 / 4 9.6 No Below RBC
Copper 4 / 4 19.4 No Below RBC
Iron 4 / 4 15000 No Below Background
Lead 4 / 4 30.2 No Below RBC
Magnesium 4 / 4 17900 No Below RDA
Manganese 4 / 4 637 No Below Background
Mercury 0 / 4 No Not Detected
Molybdenum 2 / 4 4.2 No Below RBC
Nickel 4 / 4 78.7 No Below RBC
Potassium 3 / 4 891 No Below RDA
Selenium 1 / 4 3.1 No Below RBC
Silver 3 / 4 8.6 No Below RBC
Sodium 0 / 4 No Not Detected
Thallium 3 / 4 431 Yes
Vanadium 4 / 4 20.7 No Below RBC
Zinc 4 / 4 103 No Below RBC
PCBs/Pesticides
4.4'-DDD 0 / 4 No Not Detected
4.4'-DDE / 4 No Not Detected
4.4-DDT 0 / 4 No Not Detected
Aldrin 0 / 4 No Not Detected
alpha-BHC 0 / 4 No Not Detected
alpha-Chlordanc 0 / 4 No Not Detected
Aroclor 1016 0 / 4 No Not Detected
Aroclor 1221 0 / 4 No Not Detected
Aroclor 1232 0 / 4 No Not Detected
Aroclor 1242 0 / 4 No Not Detected
Aroclor 1248 0 / 4 No Not Detected
Aroclor 1254 4 / 4 4.0 Yes
Aroclor 1260 0 / 4 No Not Detected
beta-BHC 0 / 4 No Not Detected
delta-BHC 0 / 4 No Not Detected
Dieldrin 0 / 4 No Not Detected
Endosulfan [ 0 / 4 No Not Detected
Endosulfan 11 0 / 4 No Not Detected
Endosulfan sulfate 0 / 4 No Not Detected
Endrin 0 / 4 No Not Detected
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TABLE 2-5

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected

Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®

Eindrin Aldehyde () / 4 No Not Detected
camma-BHC (Lindance) 0 ; 4 No Not Detected
camma-Chlordane 0 / 4 No Not Detected
Heptachlor 0 4 No Not Detected
Heptachlor cpoxide 0 4 No Not Detected
Mcthoxychlor 0 4 No Not Detected
‘Toxaphene 0 / 4 No Not Detected
Semivolatile Organics

1,2,4,5-Tetrachloro-benzene 0 4 No Not Detected
1,2,.4-Trichlorobenzene 0 / 4 No Not Detected
1,2-Dichlorobenzenc 0 / 4 No Not Detected
1.3-Dichlorobenzenc 0 / 4 No Not Detected
1,3-Dinitrobenzence 0 / 4 No Not Detected
1,4-Dichlorobenzene 0 / 4 No Not Detected
1-Chloronaphthalene 0 / 4 No Not Detected
1-Naphthylamine 0 / 4 No Not Detected
2,2"-oxybis(1-Chloropropane) 0 / 2 No Not Detected
2,3,4,6-Tetrachlorophenol 0 / 4 No Not Detected
2,4,5-Trichlorophenol 0 / 4 No Not Detected
2,4,6-Trichlorophenol 0 / 4 No Not Detected
2,4-Dichlorophenol 0 / 4 No Not Detected
2,4-Dimethylphenol 0 / 4 No Not Detected
2,4-Dinitrophenol 0 / 4 No Not Detected
2,4-Dinitrotoluenc 0 / 4 No Not Detected
2,6-Dichlorophenol 0 / 4 No Not Detected
2,6-Dinitrotoluene 0 / 4 No Not Detected
2-Chloronaphthalene 0 / 4 No Not Detected
2-Chlorophenol 0 / 4 No Not Detected
2-Methylnaphthalene 0 / 4 No Not Detected
2-Methylphenol 0 / 4 No Not Detected
2-Naphthylamine 0 / 4 No Not Detected
2-Nitrophenol 0 / 4 No Not Detected
2-Picoline 0 / 4 No Not Detected
3,3"-Dichlorobenzidine 0 / 4 No Not Detected
3,3"-Dimethylbenzidine 0 / 4 No Not Detected
3/4-Methylphenol 0 / 4 No Not Detected
3-Mcthylcholanthrene 0 / 4 No Not Detected
3-Nitroaniline 0 / 4 No Not Detected
4,6-Dinitro-2-methylphenol 0 / 4 No Not Detected
4-Aminobiphenyl 0 / 4 No Not Detected
4-Bromophenyl phenyl ether 0 / 4 No Not Detected
4-Chloro-3-methylphenol 0 / 4 No Not Detected
4-Chloroaniline 0 / 4 No Not Detected
4-Chlorophenyl phenyl ether 0 / 4 No Not Detected
4-Dimethylaminoazobenzene 0 / 2 No Not Detected
4-Nitroaniline 0 / 4 No Not Detected
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TABLE 2-5

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion”

4-Nitrophenol 0 4 No Not Detected
7,12-Dimethylbenz(a)-anthracene 0 4 No Not Detected
a,a-Dimethylphenethyl-amine 0 4 No Not Detected
Acenaphthene | 4 (1.093 No Below RBC
Acenaphthylene 0 / 4 No Not Detected
Acetophenone 0 / 4 No Not Detected
Anilinc 0 / 4 No Not Detected
Anthracene 1 / 4 0.29 No Below RBC
Azobenzene () / 4 No Not Detected
Benzidine | / 4 0.089 Yes

Benzo(a)anthracene 2 / 4 0.57 No Below RBC
Benzo(a)pyrene 3 4 (.58 Yes

Benzo(b)fluoranthene 2 4 0.4 No Below RBC
Benzo(g,h,1)perylenc 2 / 4 0.62 No Below RBC
Benzo(k)fluoranthene 3 4 0.58 No Below RBC
Benzoic acid 0 / 4 No Not Detected
Benzyl alcohol 0 / 4 No Not Detected
bis(2-Chloroethoxy)methane 0 / 4 No Not Detected
bis(2-Chlorocthyl) ether 0 / 4 No Not Detected
bis(2-Chloroisopropyl) cther 0 / 2 No Not Detected
bis(2-Ethylhexyl)phthalate 4 / 4 0.38 No Below RBC
Butyl benzyl phthalate I / 4 0.068 No Below RBC
Chrysene 3 4 0.68 No Below RBC
Dibenz(a,h)anthracene 1 / 4 0.18 Yes

Dibenz(a,j)acridine 0 / 4 No Not Detected
Dibenzofuran 0 / 4 No Not Detected
Diethyl phthalate 0 / 4 No Not Detected
Dimethyl! phthalate 0 / 4 No Not Detected
Di-n-butyl phthalate 0 / 4 No Not Detected
Di-n-octyl phthalate 0 / 4 No Not Detected
Diphenylamine 0 / 4 No Not Detected
Ethyl methanesulfonate 0 / 4 No Not Detected
Fluoranthenc 3 / 4 1.0 No Below RBC
Fluorene | / 4 0.11 No Below RBC
Hexachlorobenzene 0 / 4 No Not Detected
Hexachlorobutadiene 0 / 4 No Not Detected
Hexachlorocyclopentadiene 0 / 4 No Not Detected
Hexachloroethane 0 / 4 No Not Detected
Indeno(1,2,3-cd)pyrene 2 / 4 0.49 No Below RBC
Isophorone 0 / 4 No Not Detected
Methyl methanesulfonate 0 / 4 No Not Detected
Naphthalene 0 / 4 No Not Detected
Nitrobenzene 0 / 4 No Not Detected
N-Nitroso-di-n-butylamine 0 / 4 No Not Detected
N-Nitroso-di-n-propylaminc 0 / 4 No Not Detected
N-Nitrosodiphenylamine 0 / 4 No Not Detected
N-Nitrosopiperidine 0 / 4 No Not Detected
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TABLE 2-5

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®

p-Dimethylaminoazobenzene () / 4 No Not Detected
Pentachlorobenzene 0 / 4 No Not Detected
Pentachloronitrobenzence 0 4 No Not Detected
Pentachlorophenol 0 / 4 No Not Detected
Phenacetin 0 / 4 No Not Detected
Phenanthrene 2 / 4 0.97 No Below RBC
Phenol 0 / 4 No Not Detected
Pronamide 0 / 4 No Not Detected
Pyrene 3 / 4 1.2 No Below RBC
Volatile Organics

1,1,1,2-Tetrachlorocthane 0 / 4 No Not Dectected
1,1, 1-Trichloroethane 0 / 4 No Not Detected
1,1,2,2-Tetrachlorocthane 0 / 4 No Not Detected
1,1,2-Trichlorocthanc 0 / 4 No Not Detected
[,1-Dichlorocthane 0 / 4 No Not Detected
1,1-Dichloroethene 0 / 4 No Not Detected
1,2, 3-Trichloropropane 0 / 4 No Not Detected
1,2-Dichloroethane 0 / 4 No Not Detected
1,2-Dichloropropane 0 / 4 No Not Detected
2-Butanone (MEK) 0 / 4 No Not Detected
2-Chloroethyl vinyl ether 0 / 4 No Not Detected
2-Hexanone 0 / 4 No Not Detected
4-Methyl-2-pentanone (MIBK) 0 / 4 No Not Detected
Acetone | / 4 0.0051 No Below RBC
Acrolein 0 / 4 No Not Detected
Acrylonitrile 0 / 4 No Not Detected
Benzene 0 / 4 No Not Detected
Bromodichloromethane 0 / 4 No Not Detected
Bromoform 0 / 4 No Not Detected
Bromomethane 0 / 4 No Not Detected
Carbon disulfide 0 / 4 No Not Detected
Carbon tetrachloride 0 / 4 No Not Detected
Chlorobenzene 0 / 4 No Not Detected
Chloroethane 0 / 4 No Not Detected
Chloroform 0 / 4 No Not Detected
Chloromethane 0 / 4 No Not Detected
cis-1,3-Dichloropropene 0 / 4 No Not Detected
Dibromochloromethane 0 / 4 No Not Detected
Dibromomethane 0 / 4 No Not Detected
Dichlorodifluoromethane 0 / 4 No Not Detected
Ethanol 0 4 No Not Detected
Ethyl methacrylate 0 / 4 No Not Detected
Ethylbenzenc 0 / 4 No Not Detected
lodomethane 0 / 4 No Not Detected
Methylene chloride 0 / 4 No Not Detected
Styrene 0 / 4 No Not Detected
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TABLE 2-5

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®
Tetrachloroethene 0 / 4 No Not Detected
Tolucne 0 / 4 No Not Detected
trans-1,2-Dichloroethene 0 / 4 No Not Detected
trans-1,3-Dichloropropene 0 / 4 No Not Detected
trans-1,4-Dichloro-2-butene 0 / 4 No Not Detected
Trichlorocthene 0 / 4 No Not Detected
Trichlorofluoromethane 0 / 4 No Not Detected
Vinyl acetate 0 / 4 No Not Detected
Vinyl chloride 0 / 4 No Not Detected
Xylenes (total) 0 / 4 No Not Detected

Note:

a. Below RBC - see RBC comparison on Table 2-11
Below RDA - sece RDA comparison on Table 2-17
Below Background - see background comparison on Table 2-23
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TABLE 2-6

CHEMICALS OF POTENTIAL CONCERN SCREENING

ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected

Chemical Frequency of Detection (mg/kg) CopPC? Reason For Exclusion®

Endrin Aldchyde 0 / 34 No Not Detected
gamma-BHC (Lindanc) 0 34 No Not Detected
gamma-Chlordane | / 34 0.025 No Below RBC
Heptachlor 0 / 34 No Not Detected
Heptachlor epoxide 0 / 34 No Not Detected
Methoxychlor 0 / 34 No Not Detected
‘Toxaphene 0 / 34 No Not Detected
Semivolatile Organics

1,2,4,5-Tetrachloro-benzene 0 / 34 No Not Detected
1,2,4-Trichlorobenzene 0 / 34 No Not Detected
1,2-Dichlorobenzene 6 / 34 11 No Below RBC
1,3-Dichlorobenzene 2 / 34 1.1 No Below RBC
1,3-Dinitrobenzene 0 / 34 No Not Detected
1,4-Dichlorobenzenc S / 34 6.3 No Below RBC
1-Chloronaphthalene 0 / 34 No Not Detected
1-Naphthylamine 0 / 34 No Not Detected
2,2"-oxybis(1-Chloropropanc) 0 / 17 No Not Detected
2,3.4,6-Tetrachlorophenol 0 / 34 No Not Detected
2,4,5-Trichlorophenol 0 / 34 No Not Detected
2,4,6-Trichlorophenol 0 / 34 No Not Detected
2.4-Dichlorophenol 0 / 34 No Not Detected
2,4-Dimethylphcnol 1 / 34 0.062 No Below RBC
2,4-Dinitrophenol 0 / 34 No Not Detected
2,4-Dinitrotoluene 0 / 34 No Not Detected
2,6-Dichlorophenol 0 / 34 No Not Detected
2,6-Dinitrotoluene 0 / 34 No Not Detected
2-Chloronaphthalenc 7 / 34 0.71 No Below RBC
2-Chlorophenol 0 / 34 No Not Detected
2-Methylnaphthalenc 8 / 34 1.6 No Below RBC
2-Methylphenol 1 / 34 0.083 No Below RBC
2-Naphthylamine 0 / 34 No Not Detected
2-Nitrophenol 0 / 34 No Not Detected
2-Picoline 0 / 34 No Not Detected
3,3"-Dichlorobenzidine 0 / 34 No Not Detected
3,3"-Dimethylbenzidine 0 / 34 No Not Detected
3/4-Methylphenol 0 / 34 No Not Detected
3-Methylcholanthrene 0 / 34 No Not Detected
3-Nitroaniline 0 / 34 No Not Detected
4,6-Dinitro-2-methylphenol 0 / 34 No Not Detected
4-Aminobiphenyl 0 / 34 No Not Detected
4-Bromophenyl phenyl ether 0 / 34 No Not Detected
4-Chloro-3-methylphenol 0 / 34 No Not Detected
4-Chloroaniline 0 / 34 No Not Detected
4-Chlorophenyl phenyl cther 0 / 34 No Not Detected
4-Dimethylaminoazobenzene 0 / 17 No Not Detected
4-Nitroaniline 0 / 34 No Not Detected
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TABLE 2-6

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®

4-Nitrophenol 0 34 No Not Detected
7,12-Dimethylbenz(a)-anthracene 0 / 34 No Not Detected
a,a-Dimethylphenethyl-amine 0 / 34 No Not Detected
Accenaphthene 17 / 34 2.4 No Below RBC
Accnaphthylene 4 / 34 0.09 No Below RBC
Acetophenonce 0 / 34 No Not Detected
Aniline 0 / 34 No Not Detected
Anthracene 25 / 34 12 No Below RBC
Azobenzene 0 / 34 No Not Detected
Benzidine 1 / 34 0.094 Yes

Benzo(a)anthracene 29 / 34 46 Yes

Benzo(a)pyrene 29 / 34 63 Yecs

Benzo(b)fluoranthene 29 / 34 55 Yes

Benzo(g,h,1)perylene 29 / 34 60 No Below RBC
Benzo(k)fluoranthene 28 / 34 59 Yes

Benzoic acid 0 / 34 No Not Detected
Benzyl alcohol 0 / 34 No Not Detected
bis(2-Chlorocthoxy)methane 0 / 34 No Not Detected
bis(2-Chloroethyl) cther 0 / 34 No Not Detected
bis(2-Chloroisopropyl) ether 0 / 17 No Not Detected
bis(2-Ethylhexyl)phthalate 31 / 34 16 No Below RBC
Butyl benzyl phthalate 0 / 34 No Not Detected
Chrysene 29 / 34 066 No Below RBC
Dibenz(a,h)anthracene 20 / 34 15 Yes

Dibenz(a,j)acridine 0 / 34 No Not Detected
Dibenzofuran 11 / 34 1.4 No Below RBC
Dicthyl phthalate 0 / 34 No Not Detected
Dimethyl phthalate 0 / 34 No Not Detected
Di-n-butyl phthalate 1 / 34 0.053 No Below RBC
Di-n-octyl phthalate 2 / 34 0.51 No Below RBC
Diphenylamine 0 / 34 No Not Detected
Ethyl methanesulfonate 0 / 34 No Not Detected
Fluoranthene 33 / 34 160 No Below RBC
Fluorene 19 / 34 4.2 No Below RBC
Hexachlorobenzene 0 / 34 No Not Detected
Hexachlorobutadiene 0 / 34 No Not Detected
Hexachlorocyclopentadienc 0 / 34 No Not Detected
Hexachloroethane 0 / 34 No Not Detected
Indeno(1,2,3-cd)pyrene 29 / 34 49 Yes

Isophorone 0 / 34 No Not Detected
Methyl methanesulfonate 0 / 34 No Not Detected
Naphthalene 19 / 34 9.4 No Below RBC
Nitrobenzene 0 / 34 No Not Detected
N-Nitroso-di-n-butylamine 0 / 34 No Not Detected
N-Nitroso-di-n-propylamine 0 / 34 No Not Detected
N-Nitrosodiphenylamine 0 / 34 No Not Detected
N-Nitrosopiperidine 0 / 34 No Not Detected
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TABLE 2-6

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®

p-Dimethylaminoazobenzene 0 ' RE No Not Detected
Pentachlorobenzene 0 : 34 No Not Detected
Pentachloronitrobenzene 0 34 No Not Detected
Pentachlorophenol 0 ' 34 No Not Detected
Phenacetin 0 34 No Not Detected
Phenanthrene 30 34 70 No Below RBC
Phenol 1 / 34 0.046 No Below RBC
Pronamide 0 / 34 No Not Detected
Pyrene 32 / 34 120 No Below RBC
Volatile Organics

1,1,1,2-Tetrachloroethane 0 / 34 No Not Detected
1,1,1-Trichloroethane 0 / 34 No Not Detected
1,1,2,2-Tetrachloroethane 0 / 34 No Not Detected
1,1,2-Trichloroethane 0 34 No Not Detected
1,1-Dichloroethane 0 34 No Not Detected
1,1-Dichlorocthene 0 / 34 No Not Detected
1,2,3-Trichloropropanc () / 34 No Not Detected
I,2-Dichlorocthane 0 / 34 No Not Detected
1,2-Dichloropropane 0 / 34 No Not Detected
2-Butanone (MEK) 7 / 34 0.062 No Below RBC
2-Chlorocthy! vinyl ether 0 / 34 No Not Detected
2-Hexanone 0 / 34 No Not Detected
4-Methyl-2-pentanone (MIBK) ( / 34 No Not Detected
Acctone 23 34 0.21 No Below RBC
Acrolein 0 / 34 No Not Detected
Acrylonitrile | 34 0.014 No Below RBC
Benzene 0 / 34 No Not Detected
Bromodichloromethane 0 / 34 No Not Detected
Bromoform 0 / 34 No Not Detected
Bromomethane 0 / 34 No Not Detected
Carbon disulfide S / 34 0.01 No Below RBC
Carbon tetrachloride 0 / 34 No Not Detected
Chlorobenzene 13 / 34 20 No Below RBC
Chloroethane 0 / 34 No Not Detected
Chloroform 0 / 34 No Not Detected
Chloromethane 0 / 34 No Not Detected
cis-1,3-Dichloropropene / 34 No Not Detected
Dibromochloromethane 0 / 34 No Not Detected
Dibromomethane 0 / 34 No Not Detected
Dichlorodifluoromethane 2 / 34 0.0043 No Below RBC
Ethanol 0 / 34 No Not Detected
Ethyl mcthacrylate 0 / 34 No Not Detected
Ethylbenzene 4 / 34 0.06 No Below RBC
lodomethane 0 / 34 No Not Detected
Methylene chloride 6 / 34 0.0069 No Below RBC
Styrene 0 / 34 No Not Detected
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TABLE 2-6

CHEMICALS OF POTENTIAL CONCERN SCREENING

ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion”
Tetrachlorocthene 1 34 0.0022 No Below RBC
Tolucne 2 34 0.0025 No Below RBC
trans-1,2-Dichloroethene 0 / 34 No Not Detected
trans-1,3-Dichloropropene 0 / 34 No Not Detected
trans-1,4-Dichloro-2-butene 0 / 34 No Not Detected
Trichloroethene 0 34 No Not Detected
Trichlorofluoromethanc 2 / 34 0.0035 No Below RBC
Vinyl acctate 0 / 34 No Not Detected
Vinyl chloride 0 / 34 No Not Detected
Xylenes (total) 5 / 34 0.0094 No Below RBC

Note:

a. Below RBC - see RBC comparison on Table 2-12
Below RDA - sec RDA comparison on Table 2-18
Below Background - see background comparison on Table 2-24
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TABLE 2-7

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected

Chemical Frequency of Detection (mg/kg) CcoprC? Reason For Exclusion®
Metals
Aluminum 10 / 10 7950 No Below Background
Antimony 1 / 10 2.9 No Below RBC
Arscnic 10 / 10 2.8 No Below Background
Barium 10 / 10 4550 Yes
Beryllium 10 / 10 0.59 No Below RBC
Cadmium 7 / 10 52 Yes
Calcium 10 / 10 40300 No Below RDA
Chromium 10 / 10 269 Yes
Cobalt 10 / 10 5.7 No Below RBC
Copper 10 / 10 28.6 No Below RBC
Iron 7 / 10 11400 No Below Background
Lead 3 / 10 21.7 No Below RBC
Magnesium 10 / 10 14900 No Below RDA
Manganese 10 / 10 926 No Below Background
Mercury 2 / 10 0.028 No Below RBC
Molybdenum 3 / 10 33 No Below RBC
Nickel 10 / 10 74.7 No Below RBC
Potassium 9 / 10 1080 No Below RDA
Selenium 5 / 10 1.2 No Below RBC
Silver 3 / 10 8 No Below RBC
Sodium 0 / 10 No Not Detected
Thallium 0 / 10 No Not Detected
Vanadium 10 / 10 20.8 No Below RBC
Zinc 7 / 10 333 No Below RBC
PCBs/Pesticides
4.4'-DDD 0 / 10 No Not Detected
4,4'-DDE 0 / 10 No Not Detected
4.4'-DDT 0 / 10 No Not Detected
Aldrin 0 / 10 No Not Detected
alpha-BHC 0 / 10 No Not Detected
alpha-Chlordane 0 / 10 No Not Detected
Aroclor 10106 0 / 10 No Not Detected
Aroclor 1221 0 / 10 No Not Detected
Aroclor 1232 0 / 10 No Not Detected
Aroclor 1242 0 / 10 No Not Detected
Aroclor 1248 0 / 10 No Not Detected
Aroclor 1254 1 / 10 0.025 No Below RBC
Aroclor 1260 0 / 10 No Not Detected
beta-BHC 0 / 10 No Not Detected
delta-BHC 0 / 10 No Not Detected
Dieldrin 0 / 10 No Not Detected
Endosulfan I 0 / 10 No Not Detected
Endosulfan I1 0 / 10 No Not Detected
Endosulfan sulfate 0 / 10 No Not Detected
Endrin 0 / 10 No Not Detected
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TABLE 2-7

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) CcoPrC? Reason For Exclusion®

Endrin Aldchyde 0 10 No Not Detected
gamma-BHC (Lindane) 0 / 10 No Not Detected
camma-Chlordanc 0 10 No Not Detected
Heptachlor 0 / 10 No Not Detected
Heptachlor epoxide 0 / 10 No Not Detected
Methoxychlor 0 / 10 No Not Detected
Toxaphene U / 10 No Not Detected
Semivolatile Organics

1,2,4,5-Tetrachloro-benzene 0 / 10 No Not Detected
1,2,4-Trichlorobenzene 0 / 10 No Not Detected
1,2-Dichlorobenzene 0 / 10 No Not Detected
1,3-Dichlorobenzene 0 / 10 No Not Detected
1,3-Dinitrobenzence 0 / 10 No Not Detected
1,4-Dichlorobenzene 0 / 10 No Not Detected
I-Chloronaphthalenc 0 / 10 No Not Detected
1-Naphthylamine 0 / 10 No Not Detected
2,2"-oxybis(1-Chloropropane) 0 / 5 No Not Detected
2,3,4,6-Tetrachlorophenol 0 / 10 No Not Detected
2.4,5-Trichlorophenol 0 / 10 No Not Detected
2,4,6-Trichlorophenol 0 / 10 No Not Detected
2,4-Dichlorophenol 0 / 10 No Not Detected
2,4-Dimethylphenol 0 / 10 No Not Detected
2,4-Dinitrophenol 0 / 10 No Not Detected
2,4-Dinitrotoluene 0 / 10 No Not Detected
2,6-Dichlorophenol 0 / 10 No Not Detected
2,0-Dinitrotoluene 0 / 10 No Not Detected
2-Chloronaphthalene 0 / 10 No Not Detected
2-Chlorophenol 0 / 10 No Not Detected
2-Methylnaphthalene 0 / i0 No Not Detected
2-Methylphenol 0 / 10O No Not Detected
2-Naphthylamine 0 / 10 No Not Detected
2-Nitrophenol 0 / 10 No Not Detected
2-Picolinc 0 / 10 No Not Detected
3,3'-Dichlorobenzidine 0 / 10 No Not Detected
3,3"-Dimethylbenzidine 0 / 10 No Not Detected
3/4-Methylphenol 0 / 10 No Not Detected
3-Methylcholanthrene 0 / 10 No Not Detected
3-Nitroaniline 0 / 10 No Not Detected
4,0-Dinitro-2-methylphenol 0 / 10 No Not Detected
4-Aminobiphenyl 0 / 10 No Not Detected
4-Bromophenyl phenyl ether 0 / 10 No Not Detected
4-Chloro-3-methylphenol 0 / 10 No Not Detected
4-Chloroaniline 0 / 10 No Not Detected
4-Chlorophenyl phenyl ether 0 / 10 No Not Detected
4-Dimethylaminoazobenzene 0 / 5 No Not Detected
4-Nitroaniline 0 / 10 No Not Detected
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TABLE 2-7

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) CcoPrC? Reason For Exclusion®
4-Nitrophenol 0 / 10 No Not Detected
7,12-Dimethylbenz(a)-anthracene 0 10 No Not Detected
a,a-Dimethylphencthyl-amine 0 / 10 No Not Detected
Acenaphthene 0 / 10 No Not Detected
Accnaphthylene 0 / 10 No Not Detected
Acctophenone 0 / 10 No Not Detected
Aniline 0 / 10 No Not Detected
Anthracene 0 / 10 No Not Detected
Azobenzene 0 / 10 No Not Detected
Benzidine 0 / 10 No Not Detected
Benzo(a)anthracence 1 / 10 0.066 No Below RBC
Benzo(a)pyrene 2 / 10 0.15 Yes
Benzo(b)fluoranthene 1 / 10 0.088 No Below RBC
Benzo(g,h,i)perylene 1 / 10 0.074 No Below RBC
Benzo(k)fluoranthene I / 10 0.095 No Below RBC
Benzoic acid 0 / 10 No Not Detected
Benzyl alcohol 0 10 No Not Detected
bis(2-Chloroethoxy)methane 0 10 No Not Detected
bis(2-Chloroethyl) ether 0 / 10 No Not Detected
|Ibis(2-Chloroisopropy]) cther 0 / S No Not Detected
bis(2-Ethylhexyl)phthalate 2 / 10 0.36 No Below RBC
Butyl benzyl phthalate 0 / 10 No Not Detected
Chrysene 1 / 10 0.12 No Below RBC
Dibenz(a,h)anthracene 0 / 10 No Not Detected
Dibenz(a,))acridine 0 / 10 No Not Detected
Dibenzofuran 0 / 10 No Not Detected
Diethyl phthalate 0 / 10 No Not Detected
Dimethyl phthalate 0 / 10 No Not Detected
Di-n-butyl phthalate 0 / 10 No Not Detected
Di-n-octyl phthalate 0 / 10 No Not Detected
Diphenylamine 0 / 10 No Not Detected
Ethyl methanesulfonate 0 / 10 No Not Detected
Fluoranthene 2 / 10 0.35 No Below RBC
Fluorene 0 / 10 No Not Detected
Hexachlorobenzene 0 / 10 No Not Detected
Hexachlorobutadiene 0 / 10 No Not Detected
Hexachlorocyclopentadiene 0 / 10 No Not Detected
Hexachloroethane 0 / 10 No Not Detected
Indeno(1,2,3-cd)pyrene 1 / 10 0.066 : No Below RBC
Isophorone 0 / 10 No Not Detected
Methyl methanesulfonate 0 / 10 No Not Detected
Naphthalene 1 / 10 0.044 No Below RBC
Nitrobenzene 0 / 10 No Not Detected
N-Nitroso-di-n-butylamine 0 / 10 No Not Detected
N-Nitroso-di-n-propylamine 0 / 10 No Not Detected
N-Nitrosodiphenylamine 0 / 10 No Not Detected
N-Nitrosopiperidine 0 / 10 No Not Detected
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TABLE 2-7

CHEMICALS OF POTENTIAL CONCERN SCREENING
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) coprC? Reason For Exclusion®

p-Dimethylaminoazobenzene () / 10 No Not Detected
Pentachlorobenzence 0 10 No Not Detected
Pentachloronitrobenzene 0 / 10 No Not Detected
Pentachlorophenol 0 / 10 No Not Detected
Phenacetin 0 / 10 No Not Dectected
Phenanthrene | / 10 0.15 No Below RBC
Phenol 0 / 10 No Not Detected
Pronamide 0 / 10 No Not Detected
Pyrene 1 / 10 0.19 No Below RBC
Volatile Organics

1,1,1,2-Tetrachloroethane 0 / 10 No Not Detected
1,1,1-Trichlorocthanc 0 / 10 No Not Detected
1,1,2,2-Tetrachloroethane 0 / 10 No Not Detected
1,1,2-Trichloroethane 0 / 10 No Not Detected
1,1-Dichloroethane 0 / 10 No Not Detected
1,1-Dichlorocthene 0 / 10 No Not Detected
1,2,3-Trichloropropane 0 / 10 No Not Detected
1,2-Dichloroethane 0 / 10 No Not Detected
1,2-Dichloropropanc 0 / 10 No Not Detected
2-Butanone (MEK) 0 / 10 No Not Detected
2-Chloroethyl vinyl ether 0 / 10 No Not Detected
2-Hexanone 0 / 10 No Not Detected
4-Methyl-2-pentanone (MIBK) 0 / [{0) No Not Detected
Acetone 7 / 10 0.046 No Below RBC
Acrolein 0 / 10 No Not Detected
Acrylonitrile 0 / 10 No Not Detected
Benzene 0 / 10 No Not Detected
Bromodichloromethane 0 / 10 No Not Detected
Bromoform 0 / 10 No Not Detected
Bromomethane 0 / 10 No Not Detected
Carbon disulfide 0 / 10 No Not Detected
Carbon tetrachloride 0 / 10 No Not Detected
Chlorobenzene 5 / 10 0.026 No Below RBC
Chloroethane 0 / 10 No Not Detected
Chloroform 0 / 10 No Not Detected
Chloromethane 0 / 10 No Not Detected
cis-1,3-Dichloropropene 0 / 10 No Not Detected
Dibromochloromethanc 0 / 10 No Not Detected
Dibromomethane 0 / 10 No Not Detected
Dichlorodifluoromethane 0 / 10 No Not Detected
Ethanol 0 / 10 No Not Detected
Ethyl methacrylate 0 / 10 No Not Detected
Ethylbenzene 0 / 10 No Not Detected
lodomethane 0 / 10 No Not Detected
Methylene chloride 0 / 10 No Not Detected
Styrenc 0 / 10 No Not Detected
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TABLE 2-7

CHEMICALS OF POTENTIAL CONCERN SCREENING

OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected
Chemical Frequency of Detection (mg/kg) COPC? Reason For Exclusion®
‘Tetrachlorocthene 0 / 10 No Not Detected
Toluene 1 / 10 0.0013 No Below RBC
trans-1,2-Dichlorocthene 0 / 10 No Not Detected
trans-1,3-Dichloropropenc 0 / 10 No Not Detected
trans-1.4-Dichloro-2-butene 0 / 10 No Not Detected
‘Trichlorocthene 0 / 10 No Not Detected
Trichlorofluoromethane 0 / 10 No Not Detected
Vinyl acetate 0 / 10 No Not Detected
Viny! chloride 0 / 10 No Not Detected
Xylenes (total) 0 / 10 No Not Detected

Note:

a. Below RBC - see RBC comparison on Table 2-13
Below RDA - see RDA comparison on Table 2-19
Below Background - sce background comparison on Table 2-25
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TABLE 2-8

COMPARISON TO WATER QUALITY CRITERIA
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Surface Water| Federal Water Quality
Concentration Standard®
Chemical (mg/L.) (mg/L) Selected as COPC?
Metals
Aluminum 4.50E-01 NA Yes
Antimony 1.SOE-03 1.40E-02 No
Barium 4.30E-01 NA Yes
Cadmium 3.00E-04 NA Yes
Calcium 5.32E+01 NA Yes
Chromium 1.20E-02 NA Yes
Cobalt 1.60E-04 NA Yes
Copper 5.50E-03 NA Yes
Iron S5.90E-01 NA Yes
Lead” 1.90E-03 1.50E-02 No
Magnesium 2.34E+01 NA Yes
Manganese 4.70E-02 NA Yes
Mercury 6.40E-05 1.40E-04 No
Molybdenum 3.50E-03 NA Yes
Nickel 6.20E-03 6.10E-01 No
Potassium 1.30E+00 NA Yes
Selenium 1.10E-03 NA Yes
Silver 8.10E-05 NA Yes
Sodium 2.42E+01 NA Yes
Thallium 3.80E-05 1.70E-03 No
Vanadium 1.40E-02 NA Yes
Zinc 3.90E-02 NA Yes
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 3.60E-03 1.80E-03 Yes
[[Di-n-butyl phthalate 2.00E-03 2.70E+00 No

Note:

a. Water Quality Standard for human health - consumption of water and organisms (7/97).

b. Safe Drinking Water Act Action Level for lead used as screening level.
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TABLE 2-9

COMPARISON TO WATER QUALITY CRITERIA
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Surface Water | Federal Water Quality
Concentration Standard®
Chemical (mg/L) (mg/L) Selected as COPC?
Metals
Aluminum 8.80E-01 NA Yes
Antimony 6.90E-04 1. 40E-02 No
Barium S.20E-01 NA Yes
Beryllium 6.80E-05 NA Yes
Cadmium 1.00E-02 NA Ycs
Calcium SS53E+01 NA Yes
Chromium 2.50E-02 NA Yes
Cobalt 4.50E-04 NA Yes
Copper 1.40E-01 NA Yes
Iron 1.00E+00 NA Yes
Lead" 9.10E-03 1.50E-02 No
Magnesium 2.65E+01 NA Yes
Manganese 5.30E-02 NA Yes
Molybdenum 3.60E-03 NA Yes
Nickel 1.50E-02 6.10E-01 No
Potassium 1.90E+00 NA Yes
Selenium 2.20E-03 NA Yes
Sodium 3.63E+01 NA Yes
Thallium 4.20E-05 1.70E-03 No
Vanadium 1.60E-02 NA Yes
Zinc 5.60E-02 NA Yes
PCBs/Pesticides
Dieldrin 2.90E-05 1.40E-07 Yes
Heptachlor 2.40E-05 2.10E-07 Yes
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 1.40E-01 1.80E-03 Yes
Volatile Organics
Acetone 3.80E-03 NA Yecs
Bromoform 1.40E-03 4.30E-03 No
Methylene chloride 2.20E-03 4.70E-03 No
Tetrachloroethene 1.50E-03 8.00E-04 Yes
Note:

a. Water Quality Standard for human health - consumption of water and organisms (7/97).

b. Safe Drinking Water Act Action Level for lead used as screening level.
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TABLE 2-10

COMPARISON TO WATER QUALITY CRITERIA
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Surface Water | Federal Water Quality
Concentration Standard®
Chemical (mg/L) (mg/l.) Selected as COPC?
Metals
Aluminum 5.00E-01 NA Yes
Antimony 1.90E-03 1.40E-02 No
Barium 4.60E-01 NA Yes
Cadmium 2.70E-03 NA Yes
Calcium 4 93E+01 NA Yes
Chromium 1.20E-02 NA Yes
Cobalt 2.70E-04 NA Yes
Copper 2.00E-02 NA Yes
Iron 1.20E+00 NA Yes
Lead” 3.80E-03 1 50E-02 No
Magnesium 2.30E+01 NA Yes
Manganese 1.20E-01 NA Yes
Mercury 4.60E-05 1.40E-04 No
Molybdenum 3.10E-03 NA Yes
Nickel 6.70E-03 6.10E-01 No
Potassium 1.80E+00 NA Yes
Selenium 3.90E-03 NA Yes
Sodium 1.98E+01 NA Yes
Thallium 4.30E-05 1.70E-03 No
Vanadium 1.30E-02 NA Yes
Zinc 3.20E-02 NA Yes
Volatile Organics
Acetone 3.20E-03 [ NA Yes
Note:

a. Water Quality Standard for human health - consumption of water and organisms (7/97).
b. Safe Drinking Water Act Action Level for lead used as screening level.
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TABLE 2-11

COMPARISON TO RISK-BASED CONCENTRATIONS
OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Sediment
Concentration RBC*
Chemical (mg/kg) (mg/day) Retained as COPC?
Metals
Aluminum 4.221:403 7.80E+03 No
Arsenic 1.221:401 430E-01 Yes
Barium 7.90E+02 S.50E+02 Yes
Berylhium S.30E-01 1.60E+01 No
Cadmium 1.211E+01 7.801+00 Yes
Calcium S.T71EH04 NA Yes
Chromium 9.061+01 2.30E+01 Yes
Cobalt 9.001+00 4.701+02 No
Copper 1.94E+01 3 10E+02 No
Iron 1.50E+04 2.30E+03 Yes
Lead" 3.62E+01 4.00E+02 No
Magnesium 1. 79L+04 NA Yes
Manganese 6371402 1.601+02 Yes
Molybdenum 4201400 3.90E+01 No
Nickel 7.871+01 1.601:+02 No
Potassium 8.911+02 NA Yes
Selenium 3101400 3.90E+01 No
Silver 8.601+00 3.90F+01 No
Thallium 4318401 5.50E-01 Yes
Vanadium 2.671E+01 5.50E+01 No
Zinc 1.03E+02 2.30E+03 No
PCBs/Pesticides
Aroclor 1254 | 4.60E+00 | 1.60L-01 Yes
Semivolatile Organics
Acenaphthene 9.30E-02 4.70E+02 No
Anthracene 2.90E-01 2.30E+03 No
Benzidine 8.90E-02 2.80E-03 Yes
Benzo(a)anthracene 5.701--01 8.70E-01 No
Benzo(a)pyrene S5.80E-01 8.701-02 Yes
Benzo(b)fluoranthene 4.00L-01 8.70E-01 No
Benzo(g.h.i)perylenc’ 6.20E-01 2.30E+02 No
Benzo(k)tluoranthene 5.80E-01 8. 70E+00 No
bis(2-Ethylhexyl)phthalate 3.80E-01 4.60E+H01 No
Buty!l benzyl phthalate 0.80E-02 1.60E+03 No
Chrysene 0.80E-01 8.70E+01 No
Dibenz(a,h)anthracene 1.80E-01 8. 70E-02 Yes
Fluoranthene 1.60E+)0 3.10E+02 No
Fluorene 1.10E-01 3.10E+02 No
Indeno(1,2.3-cd)pyrene 4.90E-01 8.70E-01 No
Phenanthrenc® 9.70E-01 2 30E+02 No
Pyrenc 1.20E+00 2.30E+H02 No
'Volatile Organics
Acetone | 5.10E-03 | 7.80E+02 [ No
Note:

a. USEPA Region HI Residenital Risk-Based Concentration for Soil Ingestion.
RBC adjusted to hazard quotient of 0.1 for noncarcinogens and based on a risk level of 1x10°
for carcinogens

b. Residential screening level for lead in soil is 400 mg/kg

¢. RBC for pyrenc used as surrogate.
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TABLE 2-12

COMPARISON TO RISK-BASED CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Sediment
Concentration RBC*
Chemical (mg/kg) (mg/day) Retained as COPC?
Metals
Aluminum 1.19E+04 7.80E+03 Yes
Antimony 7.40E+00 3.10E+00 Yes
Arsenic 9.70E+00 4.30E-01 Yes
Barium 1.56E+03 5.50E+02 Yes
Beryllium 9.70E-01 1.60E+01 No
Cadmium 2.91E+02 7.80E+00 Yes
Calcium 1.84E+05 NA Yes
Chromium 1.83E+03 2.30E+01 Yes
Cobalt 3 11E+0] 4.70E+02 No
Copper 1.39E+03 3.10E+02 Yes
Iron 1.85E+04 2.30E+03 Yes
Lead 1 28E+03 4.00E+02 Yes
Magnesium 1.OSE+04 NA Yes
Manganese 5.37E+03 1.60E+02 Yes
Mercury® 2.90E+00 7.80E-01 Yes
Molybdenum 6.28E+01 3.90E+01 Yes
Nickel 3.59E+03 1.60E+02 Yes
Potassium 1.72E+03 NA Yes
Selenium 3 20E+00 3.90E+01 No
Silver 6.45E+01 3. 90E+01 Yes
Sodium 2.44E+02 NA Yes
Thallium 6. 18E+01 5.50E-01 Yes
Vanadium 9.22E+01 5.50E+01 Yes
Zinc 4.89E+02 2.30E+03 No
PCBs/Pesticides
4.4'-DDD 5.70E-03 2.70E+00 No
4,4'-DDE 1.00E-01 1.90E+00 No
Aldrin 1.10E-01 3.80E-02 Yes
Aroclor 1254 1.30E+01 1.60E-01 Yes
Endosulfan I1 5.90E-01 4.70E+01 No
gamma-Chlordane 2.50E-02 1.80E+00 No
Semivolatile Organics
1,2-Dichlorobenzene 1.10E+01 7.00E+02 No
1,3-Dichlorobenzene 1. 10E+00 2.30E+02 No
1,4-Dichlorobenzene 6.30E+00 2.70E+01 No
2,4-Dimethylphenol 6.20E-02 1.60E+02 No
2-Chloronaphthalenc 7.10E-01 6.30E+02 No
2-Methylnaphthalene 1.60E+00 1.60E+02 No
2-Methylphenol 8.30E-02 3.90E+02 No
Acenaphthene 2.40E+00 4.70E+02 No
Acenaphthylenc® 9.00E-02 2.30E+02 No
Anthracene 1.20E+01 2.30E+03 No
Benzidine 9.40E-02 2.80E-03 Yes
Benzo(a)anthracene 4.60E+01 8.70E-01 Yes
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TABLE 2-12

COMPARISON TO RISK-BASED CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Sediment
Concentration RBC*

Chemical (mg/kg) (mg/day) Retained as COPC?
Benzo(a)pyrene 6.30E+01 8.70E-02 Yes
Benzo(b)fluoranthene 5.50E+01 8.70E-01 Yes
Benzo(g,h,i)perylenc” 6.00E+01 2.30E+02 No
Benzo(k)fluoranthene 5.90E+01 8. 70E-+00 Yes
bis(2-Ethylhexyl)phthalate 1.60E+01 4.60E+01 No
Chrysene 6.60E+01 8.70E+01 No
Dibenz(a,h)anthracene 1.50E+01 8.70E-02 Yes
Dibenzofuran 1.40E+00 3. 10E+01 No
Di-n-butyl phthalate 5.30E-02 7.80E+02 No
Di-n-octyl phthalate 5.10E-01 1.60E+02 No
Fluoranthene 1.60E+02 3. 10E+02 No
Fluorene 4.20E+00 3. 10E+02 No
Indeno(1,2,3-cd)pyrene 4.90E+01 8.70E-01 Yes
Naphthalene 9.40E+00 1.0OE+02 No
Phenanthrenc’ 7.00E+01 2.30E+02 No
Phenol 4.60E-02 4.70E+03 No
Pyrene 1.20E+02 2.30E+02 No
Volatile Organics
2-Butanone (MEK) 6.20E-02 4.70E+03 No
Acetone 2.10E-01 7.80E+02 No
Acrylonitrile 1.40E-02 1.20E+00 No
Carbon disulfide 1.00E-02 7.80E+02 No
Chlorobenzene 2.00E+01 1.60E+02 No
Dichlorodifluoromethane 4.30E-03 1.60E+03 No
Ethylbenzene 6.00E-02 7.80E+02 No
Methylene chloride 6.90E-03 8.50E+01 No
Tetrachloroethene 2.20E-03 1.20E+01 No
Toluene 2.50E-03 1.60E+03 No
Trichlorofluoromethanc 3.50E-03 2.30E+03 No
Xylenes (total) 9.40E-03 1.60E+04 No
Note:

a. USEPA Region IIl Residenital Risk-Based Concentration for Soil Ingestion.
RBC adjusted to hazard quotient of 0.1 for noncarcinogens and based on a risk level of 1x10°
for carcinogens.

b. Residential screening level for lead in soil is 400 mg/kg.

RBC for methylmercury.

d. RBC for pyrenc used as surrogate.

o
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TABLE 2-13

COMPARISON TO RISK-BASED CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Sediment
Concentration RBC*
Chemical (mg/kg) (mg/day) Retained as COPC?
Metals
Aluminum 7.95E+03 7.80E+03 Yes
Antimony 2.90E+00 3.10E+00 No
Arsenic 2.80E+00 4.30E-01 Yes
Barium 4.55E+03 5.50E+02 Yes
Beryllium S.90E-01 1.60E+01 No
Cadmium 5.20E+01 7.80E+00 Yes
Calcium 4.03E+04 NA Yes
Chromium 2.69E+02 2.30E+01 Yes
Cobalt 5.70E+00 4.70E+02 No
Copper 2.86E+01 3.10E+02 No
Iron 1. 14E+04 2.30E+03 Yes
Lead" 2.17E+01 4.00E+02 No
Magnesium 1.49E+04 NA Yes
Manganese 9.26E+02 1.60E+02 Yes
Mercury® 2.80E-02 7.80E-01 No
Molybdenum 3.30E+00 3.90E+01 No
Nickel 7.47E+01 1.60E+02 No
Potassium 1.08E+03 NA Yes
Selenium 1.20E+00 3.90E+01 No
Silver 8.00E+00 3. 90E+01 No
Vanadium 2.08E+01 S.50E+0] No
Zinc 3.33E+01 2.30E+03 No
PCBs/Pesticides
Aroclor 1254 2.50E-02 1.60E-01 No
Semivolatile Organics
Benzo(a)anthracenc 6.60E-02 8.70E-01 No
Benzo(a)pyrene 1.50E-01 8.70E-02 Yes
Benzo(b)fluoranthene 8.80E-02 8.70E-01 No
Bcnzo(g,h,i)perylened 7.40E-02 2.30E+02 No
Benzo(k)fluoranthene 9.50E-02 8. 70E+00 No
bis(2-Ethylhexyl)phthalate 3.60E-01 4.60E+01 No
Chrysene 1.20E-01 8.70E+01 No
Fluoranthene 3.50E-01 3.10E+02 No
Indeno(1,2,3-cd)pyrene 6.60E-02 8.70E-01 No
Naphthalene 4.40E-02 1.60E+02 No
Phenanthrene® 1.50E-01 2.30E+02 No
Pyrenc 1.90E-01 2.30E+02 No
Volatile Organics
Acetone 4.60E-02 7.80E+02 No
Chlorobenzenc 2.60E-02 1.60E+02 No
Tolucne 1.30E-03 1.60E+03 No
Notc:

a. USEPA Region III Residenital Risk-Based Concentration for Soil Ingestion.
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TABLE 2-13

COMPARISON TO RISK-BASED CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Chemical

Maximum Sediment
Concentration
(mg/kg)

RBC”
(mg/day)

Retained as COPC?

RBC adjusted to hazard quotient of 0.1 for noncarcinogens and based on a risk level of 1x10°

for carcinogens.

b. Residential screening level for lead i soil is 400 mg/kg.

¢. RBC for methylmercury.

d. RBC for pyrenc used as surrogate.
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EVALUATION OF ESSENTIAL NUTRIENTS
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

TABLE 2-14

Surface Water

Concentration® Daily Ingestion” RDAC
Chemical (mg/L) (mg/day) (mg/day) Selected as COPC?
Calcium 53.2 20.6 1200 No
Magnesium 234 11.7 400 No
Potassium 1.3 0.65 2000 No
Sodium 24.2 12.1 500 No
Note:

a. Maximum detected concentration.
b. Assumes an individual who ingests 0.5 L/day of surface water.

¢. Recommended Daily Allowance established by the National Rescarch Council (1989).
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TABLE 2-15

EVALUATION OF ESSENTIAL NUTRIENTS
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Surface Water
Concentration® Daily Ingestion” RDA®
Chemical (mg/L.) (mg/day) (mg/day) Selected as COPC?

Calcium 55.3 27.65 1200 No
Magnesium 26.5 13.25 400 No
Potassium 1.9 0.95 2000 No
Sodium 36.3 18.15 500 No
Note:

a. Maximum detected concentration.
b. Assumes an individual who ingests 0.5 L/day of surface water.

¢. Recommended Daily Allowance established by the National Rescarch Council (1989).
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EVALUATION OF ESSENTIAL NUTRIENTS
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

TABLE 2-16

Surface Water
Concentration® Daily Ingestion” RDAS
Chemical (mg/L) (mg/day) (mg/day) Selected as COPC?
Calcium 49.3 24.05 1200 No
Magnesium 23 1.5 400 No
Potassium 1.8 0.9 2000 No
Sodium 19.8 9.9 500 No

Note:

a. Maximum dcetected concentration.
b. Assumes an individual who ingests (.5 L/day of surface water.

¢. Recommended Daily Allowance established by the National Research Council (1989).
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EVALUATION OF ESSENTIAL NUTRIENTS
OFF-BASE WEST SOLDIER CREEK SEDIMENT

TABLE 2-17

Sediment Concentration® Daily Ingestion” RDA®
Chemical (mg/ke) (mg/day) (mg/day) Selected as COPC?
Calcium 57100 5.71 1200 No
Magnesium 17900 1.79 400 No
Potassium 891 0.0891 2000 No
Note:

a. Maximum detected concentration.
b. Assumes an individual who ingests 100 mg of sediment per day.

¢. Recommended Daily Allowance established by the National Rescarch Council (1989).
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EVALUATION OF ESSENTIAL NUTRIENTS
ON-BASE EAST SOLDIER CREEK SEDIMENT

TABLE 2-18

Sediment Concentration®

Daily Ingestion” RDA®

_— (mg/kg) av av selected as € “

Chemical (mg/day) (mg/day) Selected as COPC™?
Calcium 184000 18.4 1200 No
Magnesium 10500 1.05 400 No
Potassium 1720 0.172 2000 No
Sodium 244 0.0244 500 No
Note:

a. Maximum detected concentration.
b. Assumes an individual who ingests 100 mg of sediment per day.

¢. Recommended Daily Allowance cstablished by the National Rescarch Council (1989).
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EVALUATION OF ESSENTIAL NUTRIENTS
OFF-BASE EAST SOLDIER CREEK SEDIMENT

TABLE 2-19

Sediment Concentration®

Daily Ingestion” RDAS
Chemical (me/ke) (mg/day) (mg/day) Selected as COPC?
Calcium 40300 4.03 1200 No
Magnesium 14900 1.49 400 No
Potassium 1080 0.108 2000 No
Notc:

a. Maximum detected concentration.

b. Assumcs an individual who ingests 100 mg of sediment per day.

¢. Recommended Daily Allowance established by the National Research Council (1989).
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TABLE 2-20

EVALUATION OF BACKGROUND LEVELS

OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Background Screening Maximum Detected

Concentration” Concentration Chemical Selected as
Chemical (mg/L) (mg/L) coprC?
Aluminum 2.19 0.45 No
Barium 0.774 0.43 No
Copper 0.025 0.0055 No
Iron 1.77 0.59 No
Manganesce 0.414 0.047 No
Zinc 0.062 0.039 No
Note

a. Samples from off-base Crutcho Creek were used to identify background concentrations.

Screeing concentration is 2 x average background concentration.
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TABLE 2-21

EVALUATION OF BACKGROUND LEVELS
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Background Screening

Maximum Detected

Concentration® Concentration Chemical Selected as

Chemical (mg/L) (mg/L) copC?
Aluminum 219 0.88 No
Bartum 0.774 0.52 No
Copper 0.025 0.14 Yes
Iron 1.77 | No
Manganese 0414 0.053 No
Z.inc 0.062 0.056 No
Note:

4. Samples from off-base Crutcho Creek were used to identify background concentrations.

Screeing concentration is 2 x average background concentration.
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TABLE 2-22

EVALUATION OF BACKGROUND LEVELS

OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Background Screening

Concentration”

Maximum Detected
Concentration

Chemical Selected as

Chemical (mg/L) (mg/L) corc?
Aluminum 2.19 0.5 No
Barium 0.774 0.46 No
Copper 0.025 0.02 No
Iron 1.77 1.2 No
Manganese 0.414 0.12 No
Zinc 0.062 0.032 No
Note:

a. Samples from off-base Crutcho Creek were used to identify background concentrations.

Screeing concentration is 2 x average background concentration.
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TABLE 2-23

EVALUATION OF BACKGROUND LEVELS

OFF-BASE WEST SOLDIER CREEK SEDIMENT

Background Screening Maximum Detected

Concentration” Concentration Chemical Selected as
Chemical (mg/kg) (mg/kg) corc?
Arsenic 9 12.2 Yes
Barium 2,251 790 No
Chromium 27 91 Yes
Iron 20,012 15.000 No
Mangancse 2514 637.0 No
Note:

a. Samples from off-base Crutcho Creek were used o identify background concentrations.

Screeing concentration is 2 x average background concentration.
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TABLE 2-24

EVALUATION OF BACKGROUND LEVELS

ON-BASE EAST SOLDIER CREEK SEDIMENT

Background Screening | NMavimum Detected

Concentration” Concentration Chemical Selected as
Chemical (mg/kg) (mg/kg) COPC?
Aluminum 18,193 11,900 No
Arsenic 9.3 9.7 Yecs
Barium 2,251 1,560 No
Chromium 20.8 1,830 Yes
Copper 19.0 1,390 Yes
Iron 26,012 18,500 No
Lead 28.8 1,280 Yecs
Manganese 2,514 5,370 Yes
Nickel 31.0 3,590 Yes
Zinc 62.0 89 Yes
Note:

a. Samples from off-base Crutcho Creck were used to identity background concentrations.

Screeing concentration is 2 x average background concentration
£ g
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TABLE 2-25

EVALUATION OF BACKGROUND LEVELS
OFF-BASE EAST SOLDIER CREEK SEDIMENT

Background Screening T Maximum Detected

Concentration” Concentration Chemical Selected as
Chemical (mg/kg) (mg/kg) CoPC?
Aluminum 18,1923 7,950 No
Arsenic 9.3 2.8 No
Barium 2,251 4,550 Yes
Cadmium 1.2 52 Yes
Chromium 26.8 269 Yes
Iron 26,012 11,400 No
Manganese 2,514 926 No
Note:

a. Samples from off-base Crutcho Creek were used to identify background concentrations.

Screeing concentration is 2 x average background concentration

tinker\146273-5003\Draft_Annual RptOffE_sed.xIs\TABLE 2-25\3/10/99

Page 1 of 1



TABLE 2-26

CHEMICALS OF POTENTIAL CONCERN
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected Minimum Detected
Concentration Concentration Frequency of
Chemical (mg/L) (mg/L) Detection
Metals
Cadmium 0.0003 0.0003 2/4
Chromium 0.012 0.0038 4/4
Cobalt 0.000106 0.00016 2/4
Molybdenum 0.0035 0.0017 4/4
Selenium 0.0011 0.00097 2/4
Silver 0.000081 0.000081 1/4
Vanadium 0.014 0.011 4/4
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 0.0036 0.0036 1/4
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TABLE 2-27

CHEMICALS OF POTENTIAL CONCERN
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected Minimum Detected
Concentration Concentration Frequency of
Chemical (mg/l.) (mg/L) Detection
Metals
Beryllium 0.000068 0.000068 /18
Cadmium 0.01 0.000077 12/18
Chromium 0.025 0.0047 18/18
Cobalt 0.00045 0.000092 9/18
Copper 0.14 0.0058 18/18
Molybdenum 0.0036 0.00018 14/18
Selenium 0.0022 0.0005 9/18
Vanadium 0.016 0.012 18/18
Pesticides/PCBs
Dicldrin 0.000029 0.000029 1/18
Heptachlor 0.000024 0.000024 /18
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 0.14 0.0018 3/18
Volatile Organics
Acctone 0.0038 0.0012 /18
Tetrachloroethene 0.0015 0.0015 1718
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TABLE 2-28

CHEMICALS OF POTENTIAL CONCERN

OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected
('oncentration

Minimum Detected
Concentration

Frequency of

Chemical (mg/L) (mg/L) Detection
Metals
Cadmium 0.0027 0.00064 4/4
Chromium 0.012 0.0065 4/4
Cobalt 0.00027 0.00019 2/4
Molybdenum 0.0031 0.0011 4/4
Sclenium 0.0039 0.0013 2/4
Vanadium 0.013 0.011 4/4
Volatile Organics
Acctone 0.0032 0.0032 1/4
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TABLE 2-29

CHEMICALS OF POTENTIAL CONCERN
OFF-BASE WEST SOLDIER CREEK SEDIMENT

Maximum Detected Minimum Detected
Concentration Concentration Frequency of
Chemical (mg/kg) (mg/kg) Detection
Metals
Arsenic 12.2 1.2 4/4
Cadmium 12.1 0.74 4/4
Chromium 90.6 25.8 4/4
Thallium 431 8.0 3/4
Pesticides/PCBs
Aroclor 1254 4.0 .28 4/4
Semivolatile Organics
Benzidine 0.089 0.089 /4
Benzo(a)pyrene .58 0.042 3/4
Dibenz(a,h)anthracene 0.18 0.18 1/4
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TABLE 2-30

CHEMICALS OF POTENTIAL CONCERN SCREENING
ON-BASE EAST SOLDIER CREEK SEDIMENT

Maximum Detected Minimum Detected
Concentration Concentration Frequency of
Chemical (mg/kg) (mg/kg) Detection
Metals
Antimony” 7.4 7.4 1/34
Arsenic 9.7 0.82 31/34
Cadmium 291 0.71 25/34
Chromium 1830 9.8 34/34
Copper 1390 6.5 34/34
Lead 1280 4.9 34/34
Manganese 5370 103 33/34
Mercury 2.9 0.016 22/34
Molybdenum 62.8 1.9 23/35
Nickel 3590 6.4 34/34
Silver 64.5 0.45 22/34
Thallium 61.8 1.7 11/34
Vanadium 92.2 5.2 34/34
Pesticides/PCBs
Aldrin 0.11 0.11 1/34
Aroclor 1254 13 0.076 10/34
Semivolatile Organics

Benzidine” 0.094 0.094 1/34
Benzo(a)anthracene 46 0.083 29/34
Benzo(a)pyrene 03 0.06 29/34
Benzo(b)fluoranthene 55 0.093 29/34
Benzo(k)fluoranthene 59 0.092 28/34
Dibenz(a,h)anthracene 15 0.074 20/34
Indeno(1,2,3-cd)pyrene 49 0.062 29/34
Note:

a. Antimony and benzidine were only retained as COCs for the future scenario because they were not
detected in the shallow sediment.
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CHEMICALS OF POTENTIAL CONCERN
OFF-BASE EAST SOLDIER CREEK SEDIMENT

TABLE 2-31

Maximum Detected

Minimum Detected

Frequency of

Concentration Concentration
Chemical (mg/kg) (mg/kg) Detection
Metals
Barium 4550 249 10/10
Cadmium 52 1.4 7/10
Chromium 269 7.9 10/10
Semivolatile Organics
Benzo(a)pyrene 0.15 0.082 2/10
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3.0 EXPOSURE ASSESMENT

Exposure assessment is the estimation of the magnitude of potential chemical exposure to
various receptors. The magnitude of exposure is determined by measuring or estimating the
amount of a chemical available at the exchange boundaries (i.c.. the lungs, gastrointestinal
tract, and skin) and estimating the frequency and duration of the cxposure.  Exposure can
occur when contaminants migrate from the contaminant source to the cxposure point, or
when a receptor comes into direct contact with waste or contaminated media. The steps

involved in exposure assessment includc:

. Identification of potential receptor populations
o Evaluation of potential exposure pathways

. Estimation of exposure point concentrations

o Estimation of daily intake factors

This RA incorporated conservative exposure assumptions when estimating the magnitude of
potential exposure to ensure that potential risks posed by the site were not underestimated.
Exposure scenarios that were considered unlikely were excluded, since they do not reflect
realistic exposure conditions. Exposure can be defined for both the reasonable maximum
exposure (RME) and the average exposure. The RME represents the most exposed
individual in a population, while the average exposure represents the most likely exposure for
the potentially exposed population. Both RME and average exposure sccnarios were

cvaluated.
3.1 IDENTIFICATION OF POTENTIAL RECEPTOR POPULATIONS

The potential receptor populations identified in the previous RAs (WCFS 1996, 1997b,
1997¢) were evaluated in this current RA. Populations evaluated include those individuals
most likely to come into contact with contaminated surface water and sediment in the three

stream segments based on current and potential future use.
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Because Tinker AFB is an active military facility with restricted access. local off-Base
populations cannot readily access the facility and contact the on-Base portion of East Soldicr
Creek. Exposure to the on-Base portion of East Soldier Creek is also likely to be minimal for
the majority of the site workers and visitors. Thercfore. it was assumed that the population
with the greatest potential for contact with surface water and sediment from the on-Base
portion of East Soldicr Creck would be a construction worker involved in repair or
installation of underground pipelines around or under the creek. Because land use at Tinker
AFB is unlikely to change in the foresceable future, this scenario was considered a maximum

exposure scenario for both current and future site use conditions.

Off-Base portions of East and West Soldier Crecks flow through several residential and non-
residential areas. Access to the creck in these areas is cssentially unrestricted, and therefore,
a number of different receptors could potentially contact stream sediment and surface water.
The maximum exposed receptor is most likely a local resident (adult and child) who uses the
creek recreationally and swims or wades in the creck. This is particularly true for children,
for whom the stream may act as an “attractive nuisance.” FEvaluation of the residential
scenario for the off-Base stream segments would be protective of all local populations under

both current and future use conditions.

Potential receptor populations that do not represent realistic exposure scenarios were
cxcluded from consideration in the RA. Although sensitive populations (e.g., pregnant
women, the elderly or infirm. ctc.) are likely to be located within the greater metropolitan
arca of Oklahoma City, they were excluded from the quantitative evaluation because thesc
populations arc not likely to be exposed to the media of concern (surface water and

sediment).

In summary, the receptor populations evaluated quantitatively in the previous RAs and this

current RA include:

° On-Base construction worker
. Off-Base child resident

. Off-Base adult resident
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3.2 EVALUATION OF POTENTIAL EXPOSURE PATHWAYS

An exposure pathway describes the mechanism by which a receptor may be cxposed to a
chemical at or originating from the site. A complete exposure pathway includces a source and
a mechanism of chemical release, a retention or transport medium, an exposure point, and an
exposure route (c.g., ingestion).  Exposure can not occur, and a health risk docs not exist.
unless the exposure pathway is complete. The abscnce of any one clement of the exposure

pathway results in an incomplete pathway.

The potential exposurc pathways for the three Soldier Creck segments evaluated in the RA
arc identified in the site conceptual exposure model (Figure 3-1). The conceptual exposure
model identifies the four elements of each exposure pathway and is used to identify complete
exposure pathways. Potential on-Base sources of chemical release were identified in Section
1.2, The mechanism of release refers to the physicochemical properties of the chemicals that
influence their mobility and potential contact with a receptor. The potential receptors were
discussed in Section 3.1. The potential exposure pathways identified in the site conceptual

exposure model are evaluated in the following sections.
3.2.1 Identification of Potential Sources

Numerous on-Base and off-Base sources of chemical releases have been identified in
previous investigations (B&V 1993, NUS 1989). Potential on-basc sources of contamination

to Soldier Creek were discussed in Section 1.2 and include:

. Outfalls from Building 3001

o Building 3001

J Southwest tank arca

. North tank area

. IWTP (inactivated April 1996)

In addition, several potential off-Base sources of relcases have been identified (B&V 1993):

. A paint shop
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. A trailer park (northeast of Tinker AFB)
. An auto repair shop
o A scrvice station
. A salvage yard

3.2.2  ldentification of Potential Exposure Points and Exposure Routes

Exposure points arc the locations, on- and off-Base, where potentially exposed populations
may contact contaminated media. Exposure points include the surface water and sediment in
on-Base and off-Base segments of East Soldier Creck and the off-Base segment of West

Soldier Creek.

Exposure routes are the mode of contact (inhalation, ingestion, or dermal contact) with the
contaminated media. On-Base construction workers could be exposed to contaminants in
surface water and sediment in on-Base portions of East Soldicr Creek via incidental ingestion

and dermal contact while performing excavation or construction activities.

Off-Base residents may be exposed to contaminants in surface water and sediment in off-
Base portions of East and West Soldier Creek through incidental ingestion and dermal
contact during recreational activities. The water level in the off-Base portion of West Soldier
Creck generally is very shallow and swimming is not possible. Therefore, contact while
wading in the off-Base portion of West Soldier Creck was evaluated. Several off-Base
portions of East Soldier Creek are deep enough for swimming, and potentially could be used
by children for swimming. Therefore, although Soldier Creek does not include any
swimming areas per se, a child resident swimming scenario was evaluated for the off-Base
portion of East Soldier Creek. A wading scenario was evaluated for adults for the off-Base
portion of East Soldier Crecek, since adults are not as likely to swim in the creek as children
are. Exposure via ingestion and dermal contact with surface water and sediment was

evaluated for both children and adults.

Inhalation exposure was assumed to be minor or incomplete for all scenarios and was not
evaluated. East and West Soldier Creeks are located in open, unconfined areas where
atmospheric dilution would quickly attenuate the concentrations of volatilized compounds
released from the creek. Although the USEPA Region IV Guidance (USEPA 1990) suggests
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that in most cases it is unnecessary to evaluate human cxposures to sediment covercd by
surface water, ncidental ingestion and dermal contact with sediment were conservatively

evaluated for all receptors.

Potential exposure to contaminants in the surface water and sediment via ingestion of fish or
game animals was assumed to be a minor or incomplete exposure pathway and was not
cvaluated in the RA. East and West Soldier Crecks do not have viable gamc or fish
populations, and the location of Tinker AFB within the metropolitan area of Oklahoma City

precludes any hunting activities.
3.3 ESTIMATION OF EXPOSURE POINT CONCENTRATION

The exposure point concentrations are the chemical concentrations at the point of receptor
contact. Exposure concentrations may be measured directly (i.e., surface water
concentrations) or calculated using fatc and transport models. Fate and transport modeling
was not necessary for this RA since surface water and sediment data were collected at the
potential exposurc locations. RME and average cxposure point concentrations were

calculated for the COPCs and are presented in Tables 3-1 through 3-8.

For the calculation of exposure point concentrations for the COPCs, chemicals werc assumed
to be present at one-half the detection limit for any sample where no detectable chemical
quantities were found in that specific sample, but the chemical was detected in that medium
for that group of samples. For cases where a duplicate sample was collected, the chemical
concentration detected in the primary sample was assumed representative of the sample
concentration.  Estimated values flagged with a “J” qualifier were treated as unqualified
detected concentrations. Data qualified with an ‘R’ (rejected) were not used in the risk
assessment. Data qualified with a ‘B’, indicating blank contamination, were assumed not
detected, and one-half the ‘B’ qualified value was assumed representative of the sample
concentration. This is the same methodology followed for calculation of the exposure point

concentrations in the previous risk assessments.

The 95 percent upper confidence limit (95% UCL) of the mean based on a lognormal

distribution, or the maximum concentration detected, whichever was lower, was selected as
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the RME exposure point concentration. [t is generally rcasonable to assume that sampling
data arc lognormally distributed, thercfore the 95% UCL calculation was based on a
lognormal distribution (USEPA 1992¢). Usc of the maximum concentration, if less than the
95% UCL. 1s reccommended by USEPA (USEPA 1992¢).  The RME cxposure point
concentration or the mean concentration, whichever was lower, was adopted as the average

exposure point concentration.

The 95% UCL for surface water and scdiment was calculated as follows:

UCL — e(m +0.58"2 +SH/ */n—l)

Where:
UCL = upper 95 percent confidence level of mean
¢ = constant (Base of natural log, equal to 2.718)
m = mean of transformed data
S = standard deviation of the transformed data
n = number of samples
H = H-statistics (from table published in Gilbert 1987)

The exposure point concentrations calculated for surface water were used to calculate risks
associated with both current and futurc use scenarios. As was donc in the previous RAs,
sediment samples collected from 0 to 0.5 feet werc used to calculate exposure point
concentrations for current use scenarios. Sediment samples collected from all depths were
used to calculate exposure point concentrations for futurc use scenarios. Only surface
sediment samples (0 to 0.5 feet) were collected from off-Base West Soldier Creek.
Therefore, the surface sediment samples were used to calculate the exposurc point

concentrations for both the current and future use scenarios for off-Base West Soldier Creek.

. Table 3-1: current and future off-Base West Soldier Creek surface water

cxposure point concentrations.

. Table 3-2: current and future on-Base East Soldier Creek surface water

exposure point concentrations.
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. Table 3-3: current and future off-Basec East Soldicr Creek surface water

cxposure point concentrations.

. Table 3-4: current and future off-Base West Soldier Creek sediment exposure

point concentrations.

. Table 3-5: current on-Base East Soldier Creck scdiment exposure point
concentrations.

o Table 3-6: futurc on-Base East Soldier Creek sediment cxposure point
concentrations.

. Table 3-7: current off-Basc East Soldier Creck sediment exposure point
concentrations.

o Table 3-8: future off-Base East Soldier Creck sediment exposure point
concentrations.

3.4 CALCULATION OF DAILY INTAKES

The quantification of exposure is based on an estimate of the chronic daily intake (CDI), the
amount of the chemical entering the receptor’s body per day. CDIs were calculated for
individual chemicals and receptors, using the following equations that werc used in the

previous RAs:
Surface water ingestion for on-Base worker scenario:
CDI=(CWxIRx ET x EF x ED)/(BW x CF2 x AT)
Surface water dermal exposure for on-Base worker scenario:
CDI=(CWxSAx PCx ETx EFx ED x CFI)BW x CF2 x AT)

Sediment ingestion for on-Base worker scenario:
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CDI=(CSx CFIxIRx EF x ED)/(BW x CF2 x AT)
Scdiment dermal exposure for on-Basc worker scenario:
CDI=(CSx CFIXxSAXAF X ABSx EFx ED)J/ABW x CF2 x AT)
Surface water ingestion for off-Basc residential scenario:

CDI=CWx HIF and
HIF = [(IRc x ETe x EFex EDc)/BWe + (IRax ETa x EFa x EDa) /BWal /(CF2 x AT)

Surface water dermal exposure for off-Basc residential scenario:

CDI=CWx HIF and

HIF ={[(§Ac x PCx ETc x EFe x EDc)/ BWe + (SAax PCx ETa x EFa x EDa)/BWal/(CF2x AT)} x CFI
Sediment ingestion for off-Base residential scenario:

CDI=CWx HIF x CFI and
HIF =[(IRc x EFcx EDc)/ BWc + (IRa x EFa x EDa)/ BWaj/ (CF2 x A 7)

Sediment dermal exposure for off-Base residential scenario:

CDI=CSxHIFxCFI and
HIF = {[(SAc x EFc x EDc x ABS)/BW¢ + (SAa x EFa x EDa x ABS)/BWa] x AF}/(CF2 x AT)

Where:

CDI = Chronic Daily Intake (mg/kg-day)
HIF = Human Intake Factor (L/kg-day for surfacc water, mg/kg-day for sediment)

CW = Concentration in Surface Water (mg/L)

('S = Concentration in Sediment (mg/kg)

IR = Ingestion Rate (L/hour for surface water, mg/day for sediment)

[Re = Child Resident Ingestion Rate (L/hour for surface water, mg/day for
scdiment)

IRa = Adult Resident Ingestion Rate (L/hour for surface water, mg/day for
sediment)
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ET = Worker Exposure Time (hours)
LTe  — Child Resident Exposure Time (hours)
ETa = Adult Resident Exposure Time (hours)

SA4 = Worker Skin Surface Area available for contact (¢cm?)

S4c¢ = Child Resident Skin Surface Area available for contact (sz)
SAa — Adult Resident Skin Surface Area available for contact (cm”)
EF = Worker Exposure Frequency (days/year)

LEFe = Child Resident Exposure Frequency (days/year)

PC = Dermal Permeability Constant (cm/hr)

Efa = Adult Resident Exposure Frequency (days/year)

ED = Worker Exposure Duration (years)

EDc¢ = Child Resident Exposure Duration (ycars)

LDa = Adult Resident Exposure Duration (years)

BW = Worker Body Weight (kg)

BWe = Child Body Weight (kg )

BWa = Adult Body Weight (kg)

AF = Adherence Factor (mg/cm?)

ABS  — Absorption Factor (unitless)

AT = Averaging Time (70 years for carcinogenic effects, exposure duration for
noncarcinogenic effects)

CFI1 = Conversion Factor 1 (0.000001 kg/mg)

CF2 = Conversion Factor 2 (365 days/year)

Attachment A presents the CDI calculations for each medium, route of exposure, and
receptor.  The majority of the exposure parameter assumptions used in this RA were
consistent with those used in the previous RAs (WCFS 1996, 1997b, 1997¢). The only
exposure parameter value that differed from the value used in the previous RAs was the
surface water ingestion rate while wading. This number was changed to reflect the current
USEPA Region IV Guidance (USEPA 1996).

The numerical values used for the exposure parameters in the CDI calculations are included
in Tables 3-9 through 3-12 and are discussed below. The values were developed in the
previous RAs using site-specific information and a number of USEPA references, including
the Exposure Factors Handbook (USEPA 1989b), Standard Default Exposure Fuactors
(USEPA 1991a), Dermal Exposure Assessment: Principles and Applications (USEPA
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1992a), USEPA Region IV Guidance (USEPA 1996), and RAGS (USEPA 1989a). The
exposure assumptions are conscrvative, and potential exposures and health risks are not

likely to be underestimated.
3.4.1 Averaging Time

The averaging time is the time the exposure is averaged over. For carcinogenic chemical
exposure, the averaging time is the receptor life span and is assumed to be the same for all
receptor populations, and is 70 years (1989a). For exposure to noncarcinogenic chemicals,
the averaging time is cqual to the exposure duration. For carcinogens, it is assumed that a
high dose received over a short period of time is equivalent to a low dosc spread over a life-
time, while for noncarcinogens it is assumed that chemical effects are only relevant during

the period of exposure.
3.4.2 Exposure Duration

Exposure duration is the number of years that exposurc occurs. On-Basc construction
workers were assumed to be full-time employees of Tinker AFB and were assumed to have
an RME duration of 25 years (USEPA 1991a). The average exposure duration for an on-
Base construction worker was assumed to be 5 years, based on the average time an individual
spends at one job (U.S. Department of Labor 1987). The residential RME exposure duration
of 30 years (5 years between ages 1-6, and 25 years afterward) is based on the upper 90th
percentile value for time spent in a single residence. The average exposure duration for an
adult resident was assumed to be 9 years based on the mean time spent at a single residence
(EPA 1989b). For child residents, the entire 5-year age span (ages 1-0) was conservatively

assumed for average exposure.
3.4.3 Exposure Frequency

Exposure frequency is the number of days per year spent in dircct contact with the creek. For
RME and average exposure, on-Base construction workers were assumed to spend 5 days per
year and 1 day per year, respectively, working in the vicinity of the creek. The adult

residential RME exposure frequency was assumed to be 4 days per month during the summer
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months. The average exposure frequency for the adult resident was assumed to be one half of
the RME exposure frequency (2 days/year). Children (ages 1-6) were assumed 1o spend two
days per week during the 17 summer weeks at the creeks for an RME exposure frequency of
34 days per year. One half of the RME exposure frequency (17 days/year) was assumed for

average residential child exposure.
3.4.4 Exposure Time

Exposure time refers to the number of hours per day that a receptor 1s in contact with a
potentially contaminated medium. The RME exposure time for on-Base construction
workers is assumed to be a workday, or 8 hours per day. For average exposure, one half of
the RME exposure time (4 hours/day) is assumed as the fraction of the working day the
construction worker would be in direct contact with surface water or sediment in the creck.
For adult residents, 2 hours per day was assumed as the RME time and 1 hours per day was
assumed for the average exposure. For children, exposure times of 6 and 3 hours per day

were assumed for RME and average exposure, respectively.
3.4.5 Sediment Ingestion Rate

The sediment ingestion rate is the amount of sediment that is ingested daily. Upper-bound
soil ingestion rates provided by USEPA (1991a) were used to evaluate RME exposure. The
RME ingestion rates were 50 mg/day for workers, 100 mg/day for adult residents, and 200
mg/day for children. Typically the RME soil ingestion rate for a construction worker is 480
mg/day, however, because the sediment is covered with surface water, the more appropriate
ingestion rate of 50 mg/day was used. For average exposure, ingestion rates of 10 mg/day
were assumed for both workers and adult residents, based on information presented in the
Exposure Factors Handbook (USEPA 1989b). An average ingestion rate of 100 mg/day was

assumed for children, based on one-half the RME rate.

3.4.6 Body Weight

Body weights were obtained from the Exposure Factors Handbook (USEPA 1989b). An

adult body weight of 70 kg was used for the construction worker. Age-weighted average
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body weights were calculated as 57.1 kg and 15.1 kg, respectively, for the adult and child

resident.
3.4.7 SKkin Surface Area

Exposed skin surface arca is necessary to evaluate uptake of chemicals that arc absorbed
through the skin.  An RME skin surface arca of 9.800 ¢cm” was estimated for an on-Base
construction worker, based on the surfacc arcas of the head, hands, arms, and lower legs of an
adult (Exposure Factors Handbook; USEPA 1989b). For average exposure, an exposed arca
of 2,000 cm* was assumed for the construction worker based on the surface area of hands and

forcarms.

Whole body immersion (6,500 c¢cm?®) was assumed for children swimming in the creek for
both the RME and average cxposure scenarios, as well as for the RME child wading scenario.
The average exposed surface arca for a child wading in the creek was assumed to be 1.800
cm? based on the surface area of the hands, forearms, and feet. For adult residents, an RME
surface area of 8,620 cm” was assumed based on exposure of the head, hands, forearms, and
lower legs. For average exposure, an exposed surface area of 2.800 cm® was assumed based

on exposure of the hands, forearms, and feet.
3.4.8 Dermal Sediment Adherence

Sediment adherence to the skin is used, in conjunction with exposed skin surface area, to
estimate the total amount of sediment adhering to exposed skin surfaces. The USEPA
recommends 1.0 mg/cm?® and 0.2 mg/cm” for upper-bound (RME) and average exposure,
respectively (USEPA 1992a).

3.4.9 Dermal Absorption Factor
The dermal absorption factor provides an estimate of potential chemical absorption through

the skin. As presented in USEPA Region 1V guidance (USEPA 1996), dermal absorption

was assumed to be 1.0 percent for organic chemicals and 0.1 percent for inorganic chemicals.
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3.4.10 Surface Water Ingestion Rate

An RME surface water ingestion rate of 0.05 L/hour was assumed for children swimming in
East Soldier Creek (USEPA 1989a). For average exposure while swimming, an imgestion

rate of 0.025 L/hour was assumed bascd on one-hal{ the RME value.

Surface water ingestion while wading was assumed to be the same as swimming (0.05 L/hour
RME and 0.025 L/hour average) for the child (USEPA 1996). The RME surface water
ingestion ratc for the adult worker and resident was assumed to be 0.01 1/hour (USEPA
1996). The average surface water ingestion rate for the adult was assumed to be one-half of

the RME value, or 0.005 L/hour.
3.4.11 Permeability Constant

Permeability constants arc chemical-specific values used to determine the dermal uptake of
chemicals from aqueous media, and arc presented in units of cm/hour. Permeability
constants used in this RA were obtained from Dermal Exposure Assessment: Principles and

Applications (USEPA 1992a).
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TABLE 3-5

EXPOSURE POINT CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENT
(CURRENT SCENARIO)

RME Average
Maximum Detected Exposure Point Exposure Point
Concentration Mean™" uCL™" Concentration® Concentration®
Chemical (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Arsenic 9.70E+00 341E+00 6.29E+00 6.29E+00 3.41E+00
Cadmium 291E+02 3.12E+01 2.79E+02 2.79E+02 3. 12E+01
Chromium 7.32E+02 2. 48E+02 9.68E+02 7.32E+02 2.48E+402
Copper 1.39E+03 2.57E+02 1.61E+03 1.39E+03 2.57E+02
Lead 1.28E+03 1.55E+02 4. 14E+02 4.14E+02 1.55E+02
Manganese 5.37E+03 6.67E+02 1.1TE+03 1.11E+03 6.67E+02
Mercury 1.20E+00 3.16E-01 1.85E+00 1.20E+00 3.16E-01
Molybdenum 6.28E+01 1.20E+01 4.88E+01 4 88E+01 1.20E+01
Nickel 3.59E+03 2.82E+02 8.T1E+02 8.71E+02 2.82E+02
Silver 1.63E+0] 3.06E+00 6.58E+00 6.58E+00 3.00E+00
Thallium 6.18E+01 3 18E+01 1.95E+03 6.18E+01 3. 18E+01
Vanadium 9.22E+01 2.77E+01 4. 16E+01 4. 16E+01 2.77E+01
Pesticides/PCBs
Aldrin 1.10E-01 2.68E-02 1.71E-01 1.10E-01 2.68E-02
Aroclor 1254 [.30E+01 1.77E+00 4. 15E+01 1.30E+01 1.77E+00
Semivolatile Organics

Benzo(a)anthracene 8.00E+00 1.82E+00 8.03E+00 8.00E+00 1.82E+00
Benzo(a)pyrene 9.30E+00 1.99E+00 8.65E+00 8.65E+00 1.99E+00
Benzo(b)fluoranthene 1.30E+01 2.14E+00 9.41E+00 9.41E+00 2.14E+00
Benzo(k)fluoranthene 8.30E+00 1.73E+00 6.93E+00 6.93E+00 1.73E+00
Dibcenz(a,h)anthracene 2.70E+00 6.58E-01 1.23E+00 1.23E+00 6.58E-01
Indeno(1,2,3-cd)pyrene 7.90E+00 1.64E+00 7.10E+00 7.10E+00 1.64E+00

Notes:

a. Surface (0-0.5 feet) sediment data are used in the calculations.

- One half the detection limit is used for all nondetects when calculating values.

b
¢. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
d

. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower, was

used as the RME exposure point concentration.
¢. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average

exposure point concentration.
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TABLE 3-6

EXPOSURE POINT CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENT
(FUTURE SCENARIO)

RME Average
Maximum Detected Exposure Point Exposure Point
Concentration Mean™" ucL™ Concentration’ | Concentration®
Chemical (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Antimony 7.40E+00 4.01E+00 4.61E+00 4.61E+00 4.01E+00
Arsenic 9.70E+00 2.98E+00 3.97E+00 3.97E+00 2.98E+00
Cadmium 2.91E+02 3.56E+01 1.49E+02 1.49E+02 3.56E+01
Chromium 1.83E+03 3.02E+02 6.19E+02 0.19E+02 3.02E+02
Copper 1.39E+03 1.74E+02 4.21E+02 4.21E+02 1.74E+02
Lead 1.28E+03 1.34E+02 2.31E+02 2.31E+02 1.34E+02
Manganese 5.37E+03 5.71E+02 7.12E+02 7.12E+02 S.7T1E+02
Mercury 2.90E+00 3.49E-01 8.27E-01 8.27E-01 3.49E-01
Molybdenum 6.28E+01 9.08E+00 1.64E+01 1.64E+01 9.08E+00
Nickel 3.59E+03 1.88E+02 2.67E+02 2.67E+02 1.88E+02
Silver 6.45E+01 6.13E+00 9.89E+00 9.89E+00 6.13E+00
Thallium 6.18E+01 4.40E+01 1.1TE+03 6.18E+01 4.40E+01
Vanadium 9.22E+01 2.40E+01 2.98E+01 2.98E+01 240E+01
Pesticides/PCBs
Aldrin 1.10E-01 8.92E-02 2.66E-01 1.10E-01 8.92E-02
Aroclor 1254 1.30E+01 2.59E+00 1.73E+01 1.30E+01 2.59E+00
Semivolatile Organics

Benzidine 9.40E-02 9.57E+00 1.78E+01 9.40E-02 9.40E-02
Benzo(a)anthracene 4.60E+01 4. 10E+00 9.39E+00 9.39E+00 4.10E+00
Benzo(a)pyrene 6.30E+01 4.82E+00 1.12E+01 1.12E+01 4.82E+00
Benzo(b)fluoranthene 5.50E+01 4.66E+00 1.00E+01 1.00E+01 4.66E+00
Benzo(k)fluoranthene 5.90E+01 4.28E+00 8.38E+00 8.38E+00 4.28E+00
Dibenz(a,h)anthracenc 1.50E+01 1.34E+00 1.77E+00 1.77E+00 1.34E+00
Indeno(1,2,3-cd)pyrenc 4.90E+01 3.81E+00 7.74E+00 7.74E+00 3.81E+00

Notes:

a. Sediment data from all depths are used in the calculations.

b. Onc half the detection limit is used for all nondetects when calculating values.

¢. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.

d. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower, was
used as the RME exposure point concentration.

¢. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average

exposure point concentration.
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TABLE 3-7

EXPOSURE POINT CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENT
(CURRENT SCENARIO)

RME Average

Maximum Detected Exposure Point Exposure Point

Concentration Mean™" ueL*s Concentration® Concentration®
Chemical (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Metals
Barium 4.55E+03 1.48E+03 2.03E+06 4.55E+03 1 48E+03
Cadmium 5.20E+01 2.02E+01 1.75E+09 S.20E+01 2.02E+01
Chromium 2.09E+02 1.34E+02 4.10E+05 2.09E+02 1.34E+02
Semivolatile Organics

Benzo(a)pyrene 8.20E-02 1.78E-01 6.30E-01 8.20E-02 8.20E-02

Notes:

a. Surface (0-0.5 feet) sediment data are used in the calculations.
b. One half the detection limit is used for all nondetects when calculating values.
¢. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
d. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower, was

used as the RME exposure point concentration.

¢. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average

exposure point concentration.
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TABLE 3-8

EXPOSURE POINT CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENT
(FUTURE SCENARIO)

Maximum Detected

RME
Exposure Point

Average
Exposure Point

Concentration Mean™" ucL*®e Concentration” Concentration®
Chemical (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Barium 4.55E+03 S.01E+02 1.44E+03 1.44E+03 S.O1E+02
Cadmium 5.20E+01 112E+01 S.21E+02 5.20E+01 1.12E+01
Chromium 2.69E+02 6.95E+01 2.79E+02 2.69E+02 6.95E+01
Semivolatile Organics

Benzo(a)pyrene 1.50E-01 1.94E-01 2.41E-01 1.50E-01 1.50E-01
Notes:

a. Sediment data from all depths are used in the calculations.

b. One half the detection limit is used for all nondetects when calculating values.

¢. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.

d. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower, was
used as the RME exposure point concentration.

¢. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average
exposure point concentration.
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4.0 TOXICITY ASSESSMENT

The toxicity assessment provides the critical toxicity values (CTVs) for the COPCs. The
CTVs are valucs developed by the USEPA that arc used to cvaluate potential cancer risks and

noncarcinogenic health hazards associated with chemical exposure.

Health effects are divided into two broad groups: noncarcinogenic and carcinogenic. This
division is based on the different mechanisms of action associated with each category.
Chemicals causing noncarcinogenic health effects were evaluated independently from those
having carcinogenic effects.  Some chemicals may produce both noncarcinogenic and

carcinogenic effects, and werce evaluated in both groups.
4.1 TOXICITY ASSESSMENT OF NONCARCINOGENIC EFFECTS

Noncarcinogenic health effects include a variety of toxic effects on body systems, ranging
from renal toxicity (toxicity to the kidneys) to central nervous system disorders. The toxicity
of a chemical is assessed through a review of toxic cffects noted in short-term (acute) animal

studies, long-term (chronic) animal studies, and epidemiological investigations.

Substances that produce noncarcinogenic effects arc generally thought to have a threshold
below which there are no observable adverse health effects. This threshold dose, also known
as the no-observed-adverse-effect level (NOAEL), is the highest level (determined in
epidemiological studies or animal studies) at which there are no statistically or biologically
significant effects of concern, often called the “critical toxic effect.” For some substances,
only a lowest-observed-adverse-cffect level (LOAEL) has been determined. This is the
lowest dose of a substance that produces either a statistically or biologically significant

indication of the critical toxic effect.

The noncarcinogenic CTV is known as the reference dose (RfD). RfDs are calculated by
dividing the NOAEL (or LOAEL if a NOAEL is not available) by uncertainty factors and
modifying factors, which generally range from 10 to 1,000. Uncertainties include variations

in the sensitivity of individuals within a population and the extrapolation of data from
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experimental animals to humans. The R{D is expressed in units of milligrams of chemical
per kilogram of body weight per day (mg/kg-day). As long as the chronic daily intake (CDI)
of a compound is less than the reference dose, it is believed that there is no noncarcinogenic

health effect duc to the exposurc.

USEPA (1989a) defines the chronic RD as an estimate of a daily exposure to the human
population that is likely to be without appreciable risk of deleterious effects during a lifetime.
Chronic RfDs are developed to be protective for long-term exposure to a compound (7 vyears

to a lifetime). Chronic oral RfDs for the COPCs are shown in Table 4-1.

Dermal RfDs were derived from oral RfDs by adjusting the oral value to account for the
percent of gastrointestinal (GI) absorption. In this manor, the oral RfD is converted from an
administered dose to an absorbed dose so that it is consistent with the absorbed intake
calculated for dermal exposure. The oral RfD was multiplied by the GI absorption factor to
derive the dermal RfD included in Table 4-1. The GI absorption factors are also included in
Table 4-1. Oral RfDs were not adjusted for G absorption for the dermal exposure scenarios

in the three previous RAs.
4.2 TOXICITY ASSESSMENT OF CARCINOGENIC EFFECTS

The carcinogenic CTV is termed the slope factor (SF). Slope factors are developed based on
a dosc-response curve for carcinogenicity of the specific chemicals. Slope factors are
developed from human and animal studies and are designed to be health protective (i.e., to
overestimate the actual risks). Slope factors are used to estimate an upper-bound probability
of an individual developing cancer as a result of exposure to a potential carcinogen. In
addition to deriving a quantitative estimate of cancer potency, USEPA also assigns weight-
of-evidence classifications to potential carcinogens. Potential carcinogens are grouped
according to the likelihood that the chemical is a human carcinogen based on the quality and
quantity of data available on the carcinogenic potency of the chemical. Table 4-2 presents

the USEPA weight-of-evidence classification system.
In estimating the risk posed by potential carcinogens, it is the common practice of the

USEPA and other regulatory agencies to assume that any exposure level is associated with a

finite probability, however minute, of producing a carcinogenic response. In other words,
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there 1s no threshold level below which exposure to the chemical would not result in a

carcinogenic response.

[t1s generally assumed by the USEPA in developing SEs that the risk of cancer is lincarly
related to the dose. A linearized multistage model is commonly used by the USEPA for
extrapolation of experimentally derived data to the low dose range. This conservative
mathematical model is based on the multistage theory of carcinogencsis wherein the response
is assumed to be lincar at low doscs. From the slope of the extrapolation curve cstimated by
the modcl, the USEPA calculates the upper 95th percent confidence limit of the slope. This
valuc, the SF, expressed in units of (mg/kg-day) ', is used to convert the chronic daily intake
of chemical, normalized over a lifetime, dircctly to a cancer risk. This represents an
estimation of an upper-bound incremental lifctime probability that an individual will develop
canccr as a result of exposure to a potential carcinogen. This model provides a conservative
estimate of cancer risk at low doses, and is likely to overestimate the actual cancer risk. The
USEPA acknowledges that actual SFs are likely to be between zero and the estimate provided
by the linearized multistage model (USEPA 1989a). The oral SFs and weight-of-cvidence

classifications for the COPC's are included in Table 4-1.

Dermal SFs were derived from oral SFs by adjusting the oral value to account for the percent
of gastrointestinal (GI) absorption. In this manor, the oral SF is converted from an
administered dose to an absorbed dose so that it is consistent with the absorbed intake
calculated for dermal exposure. The oral SF was divided by the GI absorption factor to
derive the dermal SF included in Table 4-1. The GI absorption factors are also included in
Table 4-1. Oral SFs were not adjusted for GI absorption for the dermal €xposure scenarios in

the three previous RAs.
4.3 SOURCES OF CRITICAL TOXICITY VALUES
The RfD and SF values used in the RA were obtained from the following sources:

. USEPA’s Integrated Risk Information System on-line database system
(USEPA 1998a)

GATINKERV46273-5003\DRAFT ANNUAL RPT\HHRA R1B.DOC 4_3



FOURTH YEAR ANNUAL REPORT
LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003

MARCH 1999

USEPA's Health Effcets Assessment Summary Tables (USEPA 1997)

USEPA Region Il Risk-bascd Concentration Table (USEPA 1998hb)

There are no published toxicity values for two of the COPCs retained in sediment. mercury
and lead. The RfD for methylmercury was used as a surrogate RfD for mercury so that it
could be quantitatively evaluated in the RA. There is no surrogate toxicity value available for

lead, thercfore Icad was not evaluated quantitatively in the RA, as discussed in Section 5.2.
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TABLE 4-1

CRITICAL TOXICITY VALUES FOR COCs

Chemical Name Cancer Oral RfD Oral SF GI Absorption | Dermal RfD'| Dermal SF®
Class mg/kg-day (mg/kg-(lzwfI Factor mg/kg-day (mg/kg-day)']

Acctone D 1LOOE-01 * 0.83 ¢ 8.30E-02
Aldrin B2 3.00E-05 " 1.70E+01 0.5 ¢ 1.50E-05 3.40E-+01
Antimony D 4.00E-04 * 0.02 ¢ 8.00E-006
Aroclor 1254 B2 2.00E-05 2.00E +00 " 0.9 ‘ L.8OE-05 2225400
Arsenic A 3.00E-04 I .50E+00 " 0.41 ¢ 1.23E-04 3.66E+00
Barium D 7.00E-02 " 0.07 ¢ 4.90FE-03
Benzidine A 3.00E-03 * 230E4+02 ¢ 0.8 ¢ 2.40E-03 2.88E+02
Benzo(a)anthracene B2 7.30E-01 ¢ 0.31 ¢ 2.35E+00
Benzo(a)pyrene B2 7.30E+00 ¢ 0.31 ¢ 2.35E+01
Benzo(b)fluoranthene B2 7.30E-01 ¢ 0.31 ¢ 2.35E+00
Benzo(k)fluoranthene B2 7.30F-02 ¢ 0.31 ¢ 2.35E-01
Beryllium B2 2.00E-03 * 0.01 ¢ 2.00E-05
Bis(2-cthylhexyl) phthalate B2 2.00E-02 * 1.40E-02 ° 0.19 ¢ 3.80E-03 7.37E-02
Cadmium (Food) Bl 1.00E-03 * 0.01 ¢ 1.00E-05
Cadmium (water) Bl 5.00E-04 ¢ 0.01 ¢ 5.00E-06
Chromium (111) D 1.50E+00 * 0.005 ¢ 7.50E-03
Chromium (VI) A 3.00E-03 ¢ 0.02 ¢ 0.00E-05
Cobalt NA 6.00E-02 ¢ 0.8 ¢ 4.80E-02
Copper D 4.00E-02 0.3 ¢ 1.20E-02
Dibenz(a,h)anthracene B2 7.30E+00 ¢ 0.31 ¢ 2.35E+01
Dieldrin B2 5.00E-05 * LLOOE+O1 * 0.5 ¢ 2.50E-05 3.20E+01
Heptachlor B2 5.00E-04 * 4.50E+00 ° 0.72 ¢ 3.60E-04 6.25E400
Indeno(1.2.3-cd)pyrenc B2 7.30E-01 ¢ 0.31 ¢ 2.35E+400
Lead B2 NTF NTF
Manganese (nonfood) D 2.00E-02 * 0.04 ¢ 8.00E-04
Manganese (food) D 1.40E-01 * 0.04 ¢ 5.60E-03
Mercury D NTF
Mecthylmercury C 1.00E-04 * 0.9 ¢ 9.00E-05
Molybdenum D 5.00E-03 * 0.38 ¢ 1.90E-03
Nickel A 2.00E-02 * 0.27 ¢ 5.40E-03
Sclenium D 5.00E-03 * 0.44 ¢ 2.20E-03
Silver D S.00E-03 * 0.18 ¢ 9.00E-04
Tetrachlorocthene C-B2 1.OOE-02 * 5.20E-02 © 1.0 ¢ 1.00E-02 5.20E-02
Thallium D 7.00E-05 © 0.15 ¢ 1.0SE-05
Vanadium D 7.00E-03 " 0.01 ¢ 7.00E-05
Notes

a). EPA’s Integrated Risk Information System (USEPA Date) on-line database system.
b). EPA's Health Effects Assessment Summary Tables (USEPA 1994)
¢). EPA, Region HI Risk-Based Concentration table (USEPA 1997).

d). Based on the slope factor of Benzo(a)pyrene x Carcinogenic Equivalency Factor (USEPA 1993),

¢). Bast, CB and HT Borges, 1996.
f). Dermal RfD = Oral RfD x GI Absorption Factor

). Dermal SF = Oral SF / Gl Absorption Factor
NTF = No toxicity factors. Surrogate toxicity values for these chemicals are not available; therefore,
they were not evaluated in the quantitative risk assessment
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TABLE 4-2

USEPA WEIGHT-OF-EVIDENCE CARCINOGENIC

CLASSIFICATION OF CHEMICALS

Group Description Description of Evidence
A Human carcinogen Sufficient evidence from epidemiologic
studies to support a causal association
between exposure and cancer.

Bl or B2 Probable human carcinogen B1 indicates that limited human data are
available from epidemiologic studies. B2
indicates sufficient evidence in animals
and madequate or no evidence in
humans of carcinogenicity.

C Possible human carcinogen Limited evidence of carcinogenicity in
animals.
D Not classifiable as to human [nadequate evidence of carcinogenicity in
carcinogenicity animals.
E No evidence of carcinogenicity in No evidence of carcinogenicity in at least
humans two adequate animal tests or in both
epidemiologic and animal studies.
Note: Substances in Groups B and C are considered potential carcinogens.
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5.0 RISK CHARACTERIZATION

The purpose of the risk characterization is to estimate the potential health risks associated
with exposure to site chemicals. Risk characterization combines the results of the previous
clements of the risk assessment to cvaluate the potential health risks of exposure to the

COPCs.

5.1 PROCEDURE FOR CALCULATION OF POTENTIAL CANCER
RISKS AND NONCARCINOGENIC HAZARDS

The potential for noncarcinogenic effects to occur as a result of exposure is evaluated by
comparing the exposure level, or chronic daily intake, with the RfD derived for a similar

exposure period. A Hazard Quotient (HQ) was calculated for each chemical as follows:
HQ = [Chronic Daily Intake] / [RfD]

If exposure is equal to or less than the R{D, the HQ will be equal to or less than 1.0, and it is
unlikely that there will be any potential adverse effect due to exposure to that constituent. [f
exposure exceeds the RfD, the HQ will exceed 1.0, and a hazard may exist. A HQ is
developed for each noncarcinogenic COPC, for each exposure pathway. HQs for cach

chemical are then summed for each exposure pathway to derive the Hazard Index (HI):
HI = HQI + HQ2 + HQ3 ............. + HQn

The assumption of additivity of sub-threshold HQ values in calculating a HI is only valid if
all of the compounds affect the same target organ and there arc no antagonistic or synergistic
effects between compounds (little is known about these interactions for most chemicals).
The first condition is not true for many chemicals (the same target organs for all compounds),
while the second assumption represents a major source of uncertainty. The use of a HI in this
RA should be considered highly conscrvative and will likely overestimate the potential for a
health hazard.

Hls greater than 1.0 are generally viewed as indicating that exposure to a particular medium

may present a potential human health hazard. Exposure pathway Hls are summed across
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pathways whenever appropriate, since individuals may be simultancously cxposed (o

chemicals via more than one pathway (c.g.. to both sediment and surface water).

Potential cancer risks arc calculated for cach compound by multiplying the CDI by the

respective SE:
Risk Estimate = CDI x SF

The estimated cancer risk for cach compound may be summed to yield an overall cancer risk
for cach exposure route. Risks arc then summed across pathways, when appropriate, to
calculate an overall risk estimate for cach cxposure scenario. The basis for this approach 1s
the regulatory assumption that cancer risks are additive (USEPA 1989a). The approach is
very conservative and likely to overestimate the true cancer risks associated with exposure o
the chemicals of concern. Risk estimates are compared with the USEPA’s target risk range
of 1 x 107 (1in 10,000)to 1 x 10° (1 1in 1,000,000) incremental excess lifetime cancer risk
(USEPA 1990).

5.2 SUMMARY OF POTENTIAL NONCARCINOGENIC HEALTH
HAZARD AND CANCER RISKS

The calculation of individual HQs and cancer risks for each receptor, exposure route and
compound are presented in Attachment A and are summarized in Tables 5-1 (current site use)

and 5-2 (future site use).

Both average exposure and RME hazard indices are less than the threshold value of 1.0 for all
exposure scenarios and stream segments evaluated in this RA. This indicates that surface
water and sediment in both West and East Soldier Creeks should not pose a noncarcinogenic
health hazard to any on-Base or off-Base populations under current or future stream use

conditions.

As shown on Tables 5-1 and 5-2, potential cancer risks associated with all scenarios are less
than the baseline risk level of 10™ established by USEPA for identifying sites that require

remedial action (USEPA 1991c). These results indicate that exposure to surface water and

GATINKER\46273-5003\DRAFT ANNUAL RPT\HHRA R1B.DOC 5 _2
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sediment in West and East Soldier Crecks is not likely to result in an unacceptable cancer risk

for any on-Base or off-Basc populations under current or future stream use conditions.

Lead was not included in the quantitative risk evaluation because a CTV is not available for
lead. Lead was retained as a COPC for the on-Base East Soldier Creek sediment because the
maximum detected concentration of lead exceeded the residential lead soil screcning level of
400 mg/kg. However, the RME and average lead exposure point concentrations were below
the residential Icad soil screening level. Additionally, this residential soil screening level is

based on a greater exposure frequency than is likely to occur for exposure to sediment.

GATINKER\146273-5003\DRAFT ANNUAL RPT\HHRA RIB.DOC 5_';



FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003

MARCH 1999

TABLES

P:151452. TT.MR - SOLDIER CREEKMYR FINAL\FINAL_ANNL_RPT.DOC



[ Jo L aney

66 01°F 175 31gV.LSIX wns-ysigady Uy YRIQIE00S-£LTOR 1NN

SUOLEB[NI[ED 21 UL PASN 1T BIEP SJUAWIPas (132) ¢'(-0) 298NS 'q
1UDPISIL PIIYD PUE NPE YIOG YIIA PIILIOOSSE YSLI 1OJUED 10 SIJ1pUl pleZey Y] e

210N
0 VN VN VN VN TV10L
10 VN VN VN VN (UNSOdXY TVINYAA SINIWIAES
SO0 VN VN VN VN NOLLSIONI LNIWIAIS
FOO VN VN VN VN FANSOIXT TVINEIA JALVA JOVAANOS
000 VN VN VN VN NOLLSADNI YALV A ADV.LANS
MATYD YAIATOS LSvH dSva-140
VN VN VN VN 90-1¢ Y] 60-d¢ L0000 V10l
VN VN VN VN 90-:1¢ T0 01-:10 0000 JAUNSOdXT TV Ad SINAWIAAS
VN VN VN VN L0 <00 01-416 £000°0 NOILLSIDNT LXAW1AIS
VN VN VN VN L071¢€ 00 6011 70000 TANSOIXT TVINRHA YILVA ADVAANS
VN VN VN VN 60-4¢ £000°0 11-4¢ SR0O0000°0 NOLLSAONI YALVA JOVAANS
MAAYD YAIATOS LSVA ASVE-NO
90-71L 90°0 VN VN VN VN TVLOL
90-:1¢ 6000 VN VN VN VN (JYNSOdX TYINYAA SLNINIAES
00-d¢ 00 VN VN VN VN GNOLLSIONI INFWIAIS
L0-A1T 00 0060 VN VN VN VN AANSOAXT TYIWIAA A LVA JOVAINS
60-HL <00 SO00°0 VN VN VN VN NOLLSIONI ¥ALVA DV AENS
MIATAD dIIATOS LSIM ASVE-J4d0
MSIY XHdANI MSId XAddaNI1 MSHH XAANI MSId XJddNI1
HADNVD MAVZVH HADNYVYD QIVZVH AADNYD AIAVZVH HIDNVO AAVZVH
J ADVYIAY AN ADVUIAY
 LNAQISTY ASVa-440 AAMIOM ASVI-NO

(ORIVNADS INAYUND)
MATAD YAIATOS NI INAINIAAS ANV YA LVA ADVAANS
HLIAA A LVIDOSSY SMSI DINADONIDUVD ANV SAIVZVH HLTVAH DINIDONIDUVINON

I-s 4'194V.L



SUOEBNO[ED 2y) Ul Pasn aJe sydap [[e Wolj palda[od TILp JUSWIPIS D

P[00 210 sajduies adERINS A[UO 2SNLIAQ SUOTIE[NI[RD 21 Ul PASN dIE BJEP SIUAWIPAS (122) ¢'(-0) 398JInG q

JUOPISAL PIIYO PUB I[NPE YI0G YA PIIEIJOSSE YSL IdUED 10 SIJIpul plezey ay] ®

310N
L07HT 0 VN VN VN VN V101
2071 SO VN VN VN VN ,AUNSOIXT TVINIAA SINTIIAAS
L0711 0 VN VN VN VN NOLLSAONT INTWIAES
00410 +0°0 VN VN VN VN TIANSOdXT TYINIAA ALVAM FDVAUNS
00+70 FO00 VN VN VN VN NOLLSIONI ¥ALVAL ADVAUNS
MATYD ¥A1A10S LSVA ASVE-440
VN VN VN VN 90-9t 1o 60-19 10070 TVLOL
VN VN VN VN 90-1¢ 800 60-4¢ 700070 ,AUNSOIXT TYIWIAA SINTWIAES
VN VN VN VN L0719 00 60-4C £000°0 NOLLSAONI INTWIAES
VN VN VN VN L0-4¢€ 700 60-11 2000°0 AUSOIXE TVINIAA ALY A FOV1UNS
VN VN VN VN 60-4¢ £000°0 11-11¢ $800000°0 NOLLSAONIT 441V A ADVAANS
MFTUD YALATOS LSV ASVE-NO
90-dL €0 90°0 VN VN VN VN TVLOL
90127 R0°0 G000 VN VN VN VN (AUNSOdXA TVINYAA SINTXIAAS
90-9¢ T £0°0 VN VN VN vN MNOLLSIONI INIWIAES
L0-4T 00 2000 VN VN VN VN 441S0dXT TVINIAA YALYA ADVAUNS
60-4L 000 €000°0 VN VN VN VN NOLLSAONI YALY A ADVAUNS
MIAAYD HAIATOS LSAM ASVE-140
MISIY XAANI MSIY X4aNI MSIY X4aNI MSIY XAANI
UADNVD QAVZVH FAINVD AQUVZVH YAINVD QUVZVH HAINYD AQAVZVH
AN ADVYAAV ETIRY ADVIAAY

- LNAAISAY 3SVE-440

HIMYOM ASVE-NO

(OIIVNADS A NLNAD)

MAAYD HAIATOS NI INHINIAAS ANV dALVA HOVAANS
HLIAA AALVIDOSSY SMUSIA DINADONIDYVD ANV SAIAVZVH HLTVAH DINIDONIDAVINON

CSsHIdVL




FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003

MARCH 1999

6.0 REMEDIAL ACTION OBJECTIVES

The establishment of health-based Remedial Action Objectives (RAOs) (i.c., "cleanup
goals") serves as an important means of guiding remedial activitiecs.  In genceral, the
development of health-based RAOs is warranted whenever a site 1s found to pose an
unacceptable risk to cither human health or the environment, and "cleanup” standards
promulgated by statc or federal agencics arce not available.  The approach used to devcelop
health-based cleanup goals is derived from the RA process. A human health-based cleanup
goal is cstablished by "back-calculating” a health protective contaminant concentration, given
a target risk which is deemed acceptable, and using realistic intake factors to represent

potentially exposed populations.

Although there were no constituents found in Soldier Creek surface water or sediment that
posed an unacceptable risk to human health, human-hcalth based cleanup goals were
calculated for the COPCs. The approach used to develop cleanup goals in this document was
the same as the approach used in the previous RAs (WCFS 1996, 1997b, 1997¢) and
incorporates RME assumptions and reasonable site usc scenarios so that residual risks posed
by the site after corrective action arc within a health-protective range. It is important to note
that since the RME is meant to represent the most exposed individual in a population, the
RAOQOs arc conservative. Because cleanup goals developed using RME assumptions arc
health-protective of the most exposed individual in a population, they will be health-

protective for all potentially exposed individuals within that population.

RAOs were calculated using the most conservative exposure scenario, (i.c., the scenario
associated with the largest risk or hazard). For COPCs found off-Base, the largest risks and
hazards were associated with residential exposure scenarios. For COPCs found only in the
on-Base portions of the creek, the construction worker scenario is the only applicable

scenario, and thus was used to calculate RAOs.

Human health RAOs were calculated based on both the carcinogenic and noncarcinogenic
properties of the COPCs. For carcinogens, RAOs were calculated based on target risk levels
of 10 (one in a million), 107 (one in one hundred thousand), and 10™ (one in ten thousand).
These three values encompass the acceptable risk range of 10° to 107 identified by USEPA.

For noncarcinogens, RAOs were calculated based on a target Hazard Index of 1.0. The
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cquations used to calculate RAOs are presented below. These equations were used by WCFS
(1996, 1997b, 1997¢) and were used here (o preserve continuity between the RAs previously

prepared by WCFES and this RA.
For carcinogens:
RAO = (Risk Assessment Concentration/Calculated Risk) (Target Risk)
For noncarcinogens:
RAO = (Risk Assessment Concentration/Calculated Hazard) (Target Hazard)

Where

Risk Assessment Concentration = The maximum chemical exposure point

concentration used in the RA

Calculated Risk = The highest calculated risk associated with the exposure point

concentration
Target Risk =10°, 107, and 107

Calculated Hazard = The highest calculated hazard associated with the exposure

point concentration

Target Hazard = 1.0

The RAOs for COPCs in sediment are summarized in Table 0-1. For chemicals with both
carcinogenic and noncarcinogenic RAOs, the lower level of these values is the health-
protective value. Because surface water in the creek is a dynamic medium that is constantly
changing, it is inappropriate to develop RAOs for chemicals in the surface water. However,
by using the same approach in calculating the RAOs, health-based indicators of water quality
were developed for chemicals in surfacc water and are summarized in Table 6-2.
Additionally, the Water Quality Standards (sce Section 2.2.3) would be Applicable or

Relevant and Appropriate Requirements (ARARs) for surface water.
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7.0
UNCERTAINTY ANALYSIS

The risk measures used in risk assessments are not fully probabilistic estimates of risk but are
conditional estimates given that a sct of assumptions about exposure and toxicity are rcalized.
There are a number of uncertaintics and hmitations inhcrent in the risk assessment process.
The uncertainties can lead to an over- or underestimation of the risk. It 1s important to
specify the assumptions and uncertainties to place the risk estimates in proper perspective

(EPA. 1989a).

A qualitative analysis of cach of the risk assessment components is sufficient for most sites.
Table 7-1 presents a qualitative assessment of the factors that may contribute to uncertainty in
the estimation of potential risks for East and West Soldier Creeks at Tinker AFB. Available
data quality, incomplete information about existing conditions and future circumstances, as
well as other factors discussed below contribute to these uncertainties and limitations. The

uncertainties associated with the steps of the risk asscssment are discussed below.
7.1 DATA COLLECTION AND EVALUATION

7.1.1 Data Collection

Data used in this RA were collected from East and West Soldier Creeks during two semi-
annual sampling events that arc part of the long-term monitoring of Soldier Creck. These

data are subject to uncertainty associated with sampling and analysis.

7.1.1.1 Sampling

It was assumed that the samples collected were representative of areas where various
populations may be exposed. Howecver, collected samples may not be completely
representative due to biases in sampling, random variability, or sources of non-random
variation.  Concentrations in sediment and surface water may vary due to the annual
precipitation cycle or periodic releases from on-Base or off-Base outfalls. These sources of
bias or variability may result in cither an over- or underestimation of actual chemical

concentrations, and subsequently, site risks.
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7.1.1.2 Analysis

The laboratory followed appropriate quality assurance (QA) procedures to ensurc that the
data were suitable for use in decision-making. However, 1t should be understood that sample
analysis is subject to uncertaintics associated with precision and accuracy.  Uncertaintics
associated with precision and accuracy of analysis are gencerally random. While thesc crrors
are typically of low magnitude compared to other sources of uncertainty in the RA. thcy may

lead to a possiblc over- or underestimation of risk.

Twenty percent of the data used in the risk assessment was fully validated.  Validation
procedures followed the guidance outlined in the Quality Assurance Project Plan (WCES,
1994).

7.1.2 Data Evaluation

The general assumptions used in the COPC selection process are conservative to ensurc the
estimation of highest possible risk. The use of USEPA Region 1l residential soil ingestion
RBCs as screening concentrations for sediment is extremely conservative since it 1s not likely
that exposure to sediment would be as frequent as exposure to soil. The usc of AWQC for
the ingestion of fish and water is also extremely conservative since Soldier Creek does not
have a viable fish population and surface water from Soldier Creck 1s not used as a potable

water supply.

In accordance with USEPA guidance, several inorganic chemicals present at background
concentrations were removed from consideration as potential COPCs because they are not
site-related contaminants. This exclusion process was not extended to organic chemicals,
because 1t 1s difficult to establish true background levels for most organics. Nonetheless, it is
likely that some of the organic chemicals identified as COPCs are present at background
levels, and are not site-related contaminants. Inclusion of these chemicals in the risk

calculations will result in an overestimation of site-related risks.

The COPC selection process used for this RA was updated to be more consistent with current
RA methodology and is not completely consistent with the methodology used in the previous
RAs conducted by WCFES (1996, 1997b, 1997¢). This results in selection of different
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COPCs. which may alter the results of the risk assessment from what they would have been

using the original methodology.
7.2 EXPOSURE ASSESSMENT

The exposure assessment is based on a serics of assumptions concerning concentrations of
chemicals to which humans arc exposed (cxposure point concentrations) and patterns of
behavior leading to exposure or intake of chemicals (exposure scenarios). These assumptions

generally reflect worst-case or upper-bound assumptions on the exposure.
7.2.1 Exposure Point Concentrations

The arithmetic mean concentrations and 95th percent UCL on the mean concentrations werce
calculated for COPCs in cach medium. The 95th percent UCL concentrations were uscd to
estimate risk for RME exposurc scenarios (except if it was greater than the maximum
concentration, in which case thc maximum concentration was used as the cxposure
concentration). Because UCL concentrations are high end values, typically closer to
maximum concentrations than to the arithmetic mean concentrations, use of UCL

concentrations in the RA will likely result in an overestimation of potential risk.

It was conservatively assumed that the chemical concentrations observed during the 1998
sampling events would remain unchanged with time. The potential reductions in chemical
concentrations by remedial action, migration, degradation, or attenuation were not considered
in the RA. The use of existing chemical concentrations projected into the future may result in
an overestimation of potential health risks. However, the assessment also did not take into
consideration that any of the degradation products may be more toxic than the parent
compounds currently detected. If this were to occur, the RA may underestimate the future

risk.

When calculating exposure point concentrations it was assumed that a chemical not detected
in a given sample was present at one-half of its detection limit, if that chemical was present in
any sample from that medium and stream segment. This approach, as described in the RAGS

(USEPA 1989a), is a conservative approach that is likely to lead to an overestimation of risk,
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particularly when the quantification limits arc high (due to interferences or sample dilution
during analysis) or the only mcasured concentrations are “J” coded values less than the

detection limits.

The use of statistical methods to calculate cxposure point concentrations can result in
calculated concentrations that exceed the maximum measured concentrations. particularly
when the sample size is small and the standard deviation of the results is large. Use of a
statistical approach to calculate exposure point concentrations when the sample size is small

or standard deviation is large is likely to result in an overestimation of risk.
7.2.2 Exposure Scenarios

The exposure assessment relied on a number of assumptions for potential human exposure.
The majority of the parameter values used in this assessment were the values used in the
threc previous RAs. The only parameter value that was not the same was the incidental
ingestion rate of surface water while wading. The value used for this RA was higher than the

value used for the previous RAs. The exposure assumptions were bascd on:

. Site-specific information (including information provided in the Baseline Risk
Assessments [B&V 1993 and WCFS 1996¢])

o RAGS (USEPA 1989a), the Exposure Factors Handbook (USEPA 1989b),
USEPA Region 1V Supplemental Risk Assessment Guidance (USEPA 1990),
and Dermal Exposure Assessment: Principles and Applications (USEPA
1992a)

o Professional judgment

The average case scenarios represent assumptions that are considered central values, or
realistically conservative estimates for the exposed population. However, even the average
case exposure scenario i1s conservative because it assumes individuals are exposed on a
regular basis over a long period of time and, therefore, is likely to overestimate risk. RME

scenarios are developed to provide an upper bound risk estimate. The RME scenarios are
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based upon a combination of conservative assumptions for all variables related to exposure

and, therefore, arc highly likely to overestimate potential risks.

In some cases (c.g.. the dermal permeability constants), published information for onc
chemical has been assumed to be representative of other related chemicals.  These
assumptions may lcad to over- or underestimation of risk. The general approach used in this
assessment was to use conservative assumptions for intake variables in the abscnce of strong

scientific data, thus minimizing the likclihood that risks are undercstimated.

Dermal absorption of VOCs from surface water was not evaluated in this RA since it was not
cvaluated in the previous RAs. It was assumed that VOCs would volatilize from the skin
surface before they could be absorbed. This may result in a slight underestimation of

potential risks.
7.3 TOXICITY ASSESSMENT
7.3.1 Critical Toxicity Values

In general, the available scientific information is insufficient to provide a thorough
understanding of all the potential toxic properties of chemicals to which humans are
potentially exposed. Consequently, varying degrees of uncertainty surround the assessment
of adverse health effects among exposed populations. Sources of uncertainty related directly

to toxicity data include:

o Use of dose-response data from experiments on homogenous, sensitive animal
populations to predict effects in heterogeneous human populations with a wide

range of sensitivities

o Extrapolation of data from: 1) high dose animal studies to low dose human
exposures; 2) acute or subchronic exposure; and 3) one exposure route to

another (e.g., from ingestion to inhalation or dermal absorption)
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. Use of single-chemical test data that docs not account for multiple exposures

or synergistic and antagonistic responscs

o Critical toxicity valucs (RfDs or SFs) arc predicted values for the most

sensitive subpopulations

A high degree of overall uncertainty may be associated with the Critical Toxicity Values used
in the RA because there are numerous potential sources of uncertainty associated with the
basic toxicology data. In an attempt to minimize the consequences of uncertainty, USEPA
guidance typically relies on a conscrvative approach. applying numerous safety factors to the
toxicity data to insurc the Critical Toxicity Values used in the RA are protective of all
sensitive human populations. Therefore, usc of these critical toxicity values is highly likely

to overestimate potential risk.

SFs are based primarily on the results of animal studies. There is uncertainty whether all
animal carcinogens are also carcinogenic in humans. While many chemical substances are
carcinogenic in one or more animal species, only a certain number of chemical substances are
known to be human carcinogens. The EPA assumes that humans are as scnsitive to all
animal carcinogens as the most sensitive animal species. This policy decision is designed to

prevent underestimating risk and most likely overestimates carcinogenic risk.

The CTVs used in the previous RAs were updated to reflect current CTVs from EPA’s IRIS
(USEPA 1998) and HEAST (USEPA 1997) databases and other available toxicity
information (i.e., USEPA Region III’s Risk-Based Concentration Table). Thercfore, the
results of this current RA are not completely comparable with the results from the three

previous RAs.
7.3.2 Derivation of Dermal Toxicity Values

Dermal toxicity values were derived from oral CTVs using chemical-specific GI absorption
factors. Ideally, the GI absorption factors from the study used to derive the oral CTV would
be used to adjust the oral CTV to a dermal CTV. This is not always possible, and GI factors
published by the Oak Ridge National Laboratory (Bast and Borges, 1996) were used to derive
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dermal CTVs. There 1s a large degree of uncertainty associated with these Gl factors which

may result in an under- or overcstimation of risk.
7.4 RISK CHARACTERIZATION

Because there arc uncertaintics in cach step of the risk assessment process, uncertaintics are
often magnified in the final risk characterization. The final quantitative estimates of risk may
be several orders of magnitude different from the potential risk associated with the given
exposurc. Because of the conservative approaches used in each step, the overall results of the
RA are morc likely to overestimate than underestimate the potential risk associated with

contaminants in Soldier Creek.
7.5 REMEDIAL ACTION OBJECTIVES

Remedial action objectives were developed for the COPCs using exposurc assumptions
developed in the exposure assessment and CTVs identified in the toxicity assessment. All of
the uncertainties associated with selection of COPCs, development of exposure assumptions,
and use of USEPA-derived toxicity values also apply to the calculation of remedial action
objectives. Because of the inherent conservatism within the risk assessment process, the

resulting remedial action objectives are likely to be conservative.
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TABLE 7-1

SUMMARY OF UNCERTAINTIES ASSOCIATED WITH RISK ASSESSMENT

FOR SOLDIER CREEK

Assumptions

Estimated Magnitude
of Effect on Risk

Direction of Effect on Risk Estimate

Data Collection and Evaluation

Samples collected were representative of conditions to which
various populations may be exposed.

Low - Moderate

May over- or underestimate risk.

May over- or underestimate risk.

screening was used to determine if these chemicals were
COPCs.

Errors in chemical analysis Low
For chemicals without a risk-based screening value, a
surrogate compound was identified and its risk-based . .
N Low May over- or underestimate risk.

Exposure Assessment

Use of existing chemical concentrations projected into the
future

Low - Moderate

May overestimate site-related risks.

Not considering degradation products which may be more
toxic than the parent compound.

Low

May underestimate risk

One-half the detection limit was used as the concentration
for chemical concentrations reported as "below method
detection limit" when calculating the exposure point
concentration.

Low - Modcrate

May over- or underestimate risk, but usually
overestimate risk.

For RME exposure scenarios, the 95th percentile UCL
concentrations were used to estimate risk.

Low - Modcrate

Likely result in an overestimate of risk.

Use combination of conservative assumptions to estimate
RME associated risks.

Moderate

May overestimate risk.

Toxicity Assessment

The usc of conservative USEPA models for developing
Slope Factors (SF)

Moderate - High

May overestimate risk.

The Reference Dose (RfD) for a compound is an estimate of
the threshold concentration for the most sensitive human
population associated with the lowest observed adverse
cffect for that compound

Moderate - High

May overestimate risk.

Critical toxicity values weren't available for two of the
identified COPCs and appropriate surrogates could not be
identified. Therefore, these chemicals couldn't be evaluated
in the quantitative risk assessment.

Low - Moderate

May underestimate risk.

Use of gastrointestinal absorption factor to adjust oral CTVs
to dermal CTVs.

High

May over- or underestimate risk.

Risk Characterization

Conservative approaches used in each step

Moderate - High

May overestimate risk.

Hazard indices and total incremental carcinogenic risks were
developed assuming hazards and risks were additive, and did
not account for synergestic or antagonistic releationships.

Moderate

May over- or underestimate risk.

Remedial Action Objectives

All the uncertainties associated with COPC selection,
exposure assumption development, and EPA-derived
toxicity values.

Moderate - High

Likely to be overly conservative.
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8.0
TRENDS

Contaminants and their concentrations are continuously changing along the length of Soldier
Creck and its tributarics. Because of the dynamics of the Soldier Creck system. the results of
the first, second, and third year RAs (WCFS 1996, 1997b, 1997¢) were compared to the
results of this current risk assessment to evaluate any trends that may be occurring. Although
the fourth year RA was compared with the previous RAs, it should be noted that it 1s not
completely comparable to the three previous RAs. The COPC sclection process and CTVs
have been updated to reflect current human health RA mcthodology and values and most

likely result in differences in the risk asscssment results.

Tables 8-1 and 8-2 show the comparison of first year, second year, third year, and fourth year
noncarcinogenic health hazards and carcinogenic risks from surface water and sediment for

on-Base workers under the current and futurc use scenarios, respectively.

Tables 8-3 and 8-4 show the comparison of first year, second year, third year, and fourth ycar
off-Base resident noncarcinogenic health hazards and carcinogenic risks from exposure to

surface water and sediment under current and future use scenarios, respectively.
8.1 ON-BASE WEST SOLDIER CREEK

On-Base West Soldier Creck is currently undergoing remediation. Therefore, human health
risks were not evaluated for on-Base West Soldier Creek for this fourth year RA. The results
from the three previous RAs are included on Tables 8-1 and 8-2. Trends in the risk

assessment results were discussed in the third year RA (WCFES 1997c¢).
8.2 OFF-BASE WEST SOLDIER CREEK

The off-Base residential HIs for this segment of Soldier Creek were approximately one order
of magnitude higher in the second, third, and fourth year RAs than in the first year RA
(Tables 8-3 and 8-4). The HlIs calculated for the fourth year were slightly higher than the
second and third year Hls, but were within the same order of magnitude. Potential estimated
off-Base residential cancer risks were within an order of magnitude for all four years. The

potential risks were slightly higher for the third and fourth year RAs than the first and second
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year RAs (Tables 8-3 and 8-4). The dynamics of the creek system resulted m different COPC

lists and concentrations between the four years, which resulted in different potential risks.

Sediment

Largely because a different COPC screening methodology was used, fewer chemicals were
considered COPCs in the fourth year than the previous year. Many of the same inorganic and
organic constituents were detected, but were not retained as COPCs.  In the previous years
there was no way to eliminate an organic constituent from the COPC list, however due to the
different screening methodology, organics were eliminated from the list in the fourth year
RA. Additionally, while similar PAHs were detected in the third and fourth year, the
concentrations were lower in the fourth year. More pesticides were detected in the first ycar
than in the second, third, and fourth years, and PAH concentrations were markedly higher in
the third year than in the second year and fourth years. The current and future off-Base
residential exposure scenarios for the second year RA indicated slightly higher estimated Hls
and slightly lower cancer risks than were estimated in the first year RA. The third year Hls
are similar to the second year Hlis, but the cancer risks for the third year are higher than the
first two years. The cancer risks for the fourth year were slightly lower than the risks for the
third year but higher than the first two years. The Hls for the fourth year were slightly higher

than the three previous years.

The cancer risks and noncarcinogenic health effects for all four RAs were primarily driven by
ingestion of sediment. Aroclor 1254 was the major contributor to the Hls for the first three
RAs and aroclor 1254 and thallium were the major contributors for the fourth year.
Benzidine was the major carcinogenic contributor for the second year RA and PAHs were the
major contributor in the first and third year RAs. Benzidine and arsenic were the major

contributors to cancer risk in the fourth year.

Surface Water

More metals were considered as COPCs in the second and third year RAs than in the first
year RA, and even more metals were considered COPCs in the fourth year. This is largely

due to the different screening methodology used in the fourth year. Fewer volatiles were
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considered as COPCs in the second year RA than in the first and third ycar RAs, and nonc

were considered COPCs in the fourth year.

A comparison of potential risks for off-Base West Soldier Creek surface water indicated that
both the Hls and cancer risks were lower in the second year RA than were cstimated in the
first year RA. The third year Hls and cancer risks from surface water arc in general lower
than the first year and slightly higher than the sccond ycar. The fourth year Hls were greater
than all the previous years HIs, and the cancer risks were similar to the first year cancer risks.
The higher Hls in the fourth year may be associated with the larger number of inorganic

COPCs, which may be the result of a different COPC screening process.

Dermal contact was the primary pathway of concern for surface water exposures. Metals
were the major contributors to the Hls for all four RAs. Metals and bromomethane were the
major contributors to the third year RA HIs. Arsenic was the major contributor to cancer
risks in the first RA. No carcinogenic compounds were detected; thercfore, there were no
cancer risks from surface water for the second year RA along this creek scgment.
Chloromethane was the major contributor to the third year RA cancer risks, and bis(2-

ethylhexy) phthalate was the only contributor to cancer risk in the fourth year RA.
8.3 ON-BASE EAST SOLDIER CREEK

In general, there are no significant changes in the potential Hls and cancer risks between the
four RAs. The HIs have risen slightly from the first year. The RME HI in the fourth year
was an order of magnitude greater than the previous Hls, however the average HI was similar
to the Hls from the three previous years. The estimated cancer risks have decreased from the
first year to the third year and then remained fairly constant between the third and the fourth
year. These changes are likely due to the differences in detected COPCs and their

concentrations.

Sediment

Fewer chemicals were considered COPCs in the second year than in the first year RA. More

pesticides and metals were detected in the second and third years. Several SVOCs and aldrin
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were detected at significantly higher concentrations in the sccond year than in the first year.
However, pesticides and SVOC concentrations (especially PAHs) were lower in the third
year than in the sccond year. Pesticides and SVOC concentrations were higher in the fourth
year than the third year. Fewer organic chemicals were considered COPCs in the fourth year

than the previous years due to the change in COPC screening methodology.

For the current Base worker exposure scenarios, estimated Hls were slightly higher in the
third year than in the sccond year. The RME Hls were even higher in the fourth year,
however the average Hls did not increase from the third to the fourth year. Cancer risks were
slightly lower in the third and fourth ycar RAs than in the sccond year RA. The cancer risks
and noncarcinogenic health effects for the third year RA were primarily driven by ingestion
(sce Table 8-1). Second and fourth year RA cancer risks and noncarcinogenic health effects
were primarily driven by dermal exposure. The first year RA noncarcinogenic health cffects
and cancer risks were driven by ingestion of sediment. Aroclor 1254 was the major
contributor to the HI for the first and second year RAs. Thallium and Aroclor 1254 werc the
major contributors to HI for the third and fourth year RA. Benzidine and PAHs were the
major contributors to the cancer risks for the first and second year RAs. PAHs and aroclor

1254 were the major contributors to the cancer risks for the third and fourth year RAs.

For the future Base worker exposure scenarios, third year estimated Hls were slightly higher
and cancer risks were mostly lower than indicated in the first and second year RAs (scc Table
8-2). Fourth year HIs were even higher than third year HIs, and fourth year cancer risks were
similar to third year cancer risks. The noncarcinogenic health effects for the second, third,
and fourth year RAs were primarily driven by ingestion of thallium and Aroclor 1254 in
sediment. The cancer risks were primarily driven by dermal contact with Aroclor 1254 and
PAHs. The cancer risks and noncarcinogenic health effects for the first year RA were
primarily driven by dermal contact. Aroclor 1254, and benzidine and PAHs were the major

contributors to the HI and cancer risks, respectively.

Surface Water

Bis(2-ethylhexyl) phthalate was the only SVOC considered to be a COPC in surface water for
the third and fourth year RAs. More metals and SVOCs were considered COPCs in the
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second year than in the first year. No pesticides were considered COPCs in the 2nd ycar RA.
however, pesticides were included in the first, third, and fourth ycar RAs. Aroclor 1254 was
the only pesticide considered to be a COPC for the third year RA. Several different volatiles
were considered COPCs in the second year RA than in the first year RA, and concentrations
of recurring volatile COPCs were approximately two (2) times higher in the second year than
those detected for the first year RA. In general, concentrations of volatile COPCs for the
third and fourth year RAs were similar or slightly lower than the second year RA

concentrations.

For the Base worker exposure scenarios, cstimated potential cancer risks were slightly higher
in the second year RA than those for the first, third, and fourth ycar RAs, and HIs were

shightly lower in the second year RA.

The cancer risks and noncarcinogenic health effects were primarily driven by dermal contact
in all four RAs. Metals were the major contributors to the Hls for the first and second year
RAs. Metals (in particular cadmium) and bis(2-cthylhexyl)phthalate were the major
contributors to the HI for the fourth ycar. Aroclor 1254 is the major contributor to the HI for
the third year RA. Aroclor 1254 was also the major contributor to the cancer risks for the
third year RA. Benzidine was the major carcinogenic contributor in the sccond year RA.
Aldrin was the major contributor to the cancer risks in the first year RA.  Bis(2-
ethylhexyl)phthalate and dieldrin were the major contributors to cancer risks in the fourth
year RA.

8.4 OFF-BASE EAST SOLDIER CREEK

Overall, the off-Base residential cancer risks for this segment of Soldier Creek were lower in
the third year RA than in the first and second year RAs (see Tables 8-3 and 8-4). The off-
Base residential cancer risks were even lower in the fourth year RA. HIs were higher in the
third and fourth year RAs than in the sccond year RA. Creek dynamics, again, influenced the

His and cancer risks by changing the COPCs and detected concentrations.
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Sediment

Fewer SVOCs were considercd COPCs in the third year RA than in the first and second yecar
RAs. especially fewer PAHs (both carcinogenic and noncarcinogenic).  Additionally, the
detected concentrations of PAHs in the third year were significantly lower than in the first
and second year RAs. While similar numbers and concentrations of SVOCs were detected in

the fourth year, fewer were retained as COPCs based on the revised screening methodology.

For current and future off-Base residential exposure scenarios, the estimated cancer risks
were lower in the third and fourth years than those estimated in the first and second year RAs
(see Tables 8-3 and 8-4). HIs for the third year were slightly higher than the first and second

year RAs. HIs for the fourth year were lower than the third year Hls.

Fourth year RA cancer risks and noncarcinogenic health effects were primarily driven by
dermal contact with sediment for thc RME cvaluation and ingestion of sediment for the
average evaluation. Third year RA cancer risks and noncarcinogenic health effects were
primarily driven by ingestion of sediment. The inorganic COPCs (barium, cadmium, and
chromium) contributed to the HIl and the organic COPC (benzo(a)pyrene) contributed to the
carcinogenic risk for the fourth year RA. Thallium and cadmium were the major contributors
to the HI for the third year RA. Aroclor 1254 and cadmium were the major contributors to
the HI for the first and second year RAs. Beryllium was the major contributor to the
carcinogenic risks for the third year RA. Beryllium and benzo(a)pyrene were the major
carcinogenic contributors for the second year RA. Pesticides were a major contributor to

cancer risks in the first year RA.

Surface Water

Acetone was the only organic constituent detected during the fourth year monitoring and was
the only organic COPC for the fourth year RA. Bis(2-ethylhexyl) phthalate was the only
organic constituent considered to be a COPC for the third year RA. No pesticides/PCBs were
considered to be COPCs for the third year. The detected pesticides and semivolatile organics
considered to be COPCs in the second year RA were significantly different than those
identified as COPCs in the first year RA.
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Estimated Hls and cancer risks were slightly lower for dermal exposures to surface water in
the third year than those indicated in the first and sccond year RAs. Fourth ycar dermal
absorption Hls were greater than all previous year dermal absorption Hls. Ingestion HIs and

cancer risks were higher in the third year RA than in the first. sccond. or fourth ycar RAs.

Ingestion of surface water was the primary driver for cancer risks and noncarcinogenic health
cffects in the first and third year RAs. The cancer risks and noncarcinogenic health effects
were primarily driven by dermal contact in the second year RA. The noncarcinogenic health
effects were driven by dermal contact in the fourth year RA. There were no carcinogenic
COPCs in the fourth year, therefore carcinogenic risk was not evaluated and considered
insignificant. Metals were the major contributors to the HI in the fourth year. Metals were
the major contributors to the HI, and arsenic was the major carcinogenic risk contributor for
the first and third year RAs. 4.4-DDT and 2,6-dichlorophenol were the major contributors to
the second year Hls. 4,4-DDT was also the major carcinogenic contributor in the second year

RA.
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9.0
SUMMARY AND CONCLUSION

This RA evaluated potential human health hazards (i.c.. noncarcinogenic cffects) and cancer
risks associated with exposure to surface water and sediment from portions of East and West
Soldier Creck that may have been impacted by contaminant relcascs from Tinker AFB.
Based on differences in contaminant sourccs and exposed populations, the following three

strcam scgments were cvaluated quantitatively:

. West Soldier Creek, off-Base
) East Soldier Creek, on-Basc
) East Soldier Creek, off-Base

Chemicals of concern were identificd based on the evaluation of chemical data from surface
water and sediment samples collected by CH2M HILL in the two semiannual sampling
cvents of 1998. An evaluation of potential health risks was been performed for exposure
scenarios believed to represent potential human activities that could occur in the three Soldier

Creek segments. The exposure scenarios evaluated included:

. Construction workers involved in repair or installation of underground

pipelines around or under on-Base portion of the creeks

. Residents wading or swimming in the off-Base portion of West and East

Soldier Creeks

Swimming was only evaluated for the child scenario for East Soldier Creek; all other
scenarios assumed wading only. Potential health risks were evaluated for exposure to surface

water and sediment for on-site construction workers and off-site residents.

The results of the risk characterization demonstrate that potential cancer risks and
noncarcinogenic health hazards for all scenarios are within or below the USEPA’s targets of
10°to 10 and 1.0, respectively. These results indicate that exposure to surface water and
sediment in West and East Soldier Creeks is not likely to result in an unacceptable cancer risk
or noncarcinogenic hazard for any on-Base or off-Base populations under current or future

stream use conditions.
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As part of the RA, cleanup goals were developed to identify health-protective levels for cach
COPC. Although remediation does not appear to be warranted at the present time (based on
risk to human health), these cleanup goals provide a set of “action criteria” should remedial

action be required in the future.

A trend analysis was also done as part of this RA. The results of the comparison between this

RA and the three previous RAs showed no dramatic changes and no significant trends.
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TABLE A-1

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK
INCIDENTAL INGESTION OF CHEMICALS IN SURFACE WATER DUE TO WADING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF Ccw HIF CDI RfD QUOTIENT HIF CDI SF RISK
POTENTIAL CONCERN (mg/L) (L/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Cadmium 3.00E-04 8.29E-05 2.49E-08 5.00E-04 4.98E-05 1.66E-05 4.98E-09
Chromium 6.88E-03 8.29E-05 5.70E-07 3.00E-03 1.90E-04 1.66E-05 1.14E-07
Cobalt 1.60E-04 8.29E-05 1.33E-08 6.00E-02 2.21E-07 1.66E-05 2.65E-09
Molybdenum 2.78E-03 8.29E-05 2.30E-07 5.00E-03 4.60E-05 1.66E-05 4.60E-08
Selenium 9.05E-04 8.29E-05 7.50E-08 5.00E-03 1.50E-05 1.66E-05 1.50E-08
Silver 8.10E-05 8.29E-05 6.72E-09 5.00E-03 1.34E-06 1.66E-05 1.34E-09
Vanadium 1.23E-02 8.29E-05 1.02E-06 7.00E-03 1.45E-04 1.66E-05 2.03E-07
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 3.00E-03 8.29E-05 2.99E-07 2.00E-02 1.49E-05 1.66E-05 5.97E-08 1 40E-02 8.36E-10
HAZARD INDEX = 4.62E-04 TOTAL CANCER RISK = 8.36E-10

Equations

Exposure Assumptions

HIF = [(IRc x ETe¢ x EFc x EDc)/ BWe + (IRa x ETa x EFa x EDa)/ BWa| / (CF x AT)
CDI=CW x HIF
Hazard Quotient = CDI/ RfD

Cancer Risk = CDI x Slope Factor

Parameter Value
HIF = Human Intake Factor (L/kg-day) Calculated
CDI = Chronic Daily Intake (mg/kg-day) Calculated

CW = Concentration in Surface Water (mg/L X hemical-specitic
IRc¢ = Child Ingestion Rate (I/hour) 0.025
ETce = Child Exposure Time (hours/day) 3
EFc = Child Exposure Frequency (days/year) 17
EDc = Child Exposure Duration (ycars) N
BWc = Child Body Weight (kg) 15.1
IRa = Adult Ingestion Rate(L/hour) 0.005
ETa = Adult Exposure Time (hour/day) |
EFa = Adult Exposure Frequency (days/year) 2
EDa = Adult Exposure Duration (ycars) 9
BW = Adult Body Weight (kg) 57.1
CF = Conversion Factor (days/ycar) 365
ATe = Cuarcinogenic Averaging Time (years) 70
Atne = Noncarcinogenic Averaging Time (vears 4

SF = Slope Factor ((mg/kg-day) h Chemical-specitic

RfD = Reference Dose (mg/kg-dav) Chemical-specitic

tinher L6273 3003 Draft Annual Rpt Ot swods TABLE A-1.3:10°99
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TABLE A-2

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK
INCIDENTAL INGESTION OF CHEMICALS IN SURFACE WATER DUE TO WADING

OFF-BASE CHILD AND ADULT RESIDENT - RME

(CURRENT AND FUTURE USE SCENARIQO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF CwW HIF D1 RfD QUOTIENT HIF CDI SF RISK
POTENTIAL CONCERN (mg/L) (L/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (L/kg-dy) (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
(Cadmium 3.00E-04 3.12E-04 9.35E-08 5.00E-04 1.87E-04 1.34E-04 4.01E-08
Chromium 1.20E-02 3.12E-04 3.74E-00 3.00E-03 1.25E-03 1.34E-04 1.60E-06
Cobalt [.60E-04 3.12E-04 4.99E-08 6.00E-02 8.31E-07 1.34E-04 2.14E-08
Molybdenum 3.50E-03 3.12E-04 1.09E-06 S.00E-03 2.18E-04 1.34E-04 4.67E-07
Selenium 1.10E-03 3.12E-04 3 A3E-07 S.00E-03 6.86E-05 1.34E-04 1.47E-07
Silver 8.10E-05 3.12E-04 2.52E-08 5.00E-03 5.05E-06 1.34E-04 1.08E-08
Vanadium 1.40E-02 3.12E-04 4.36E-06 7.00E-03 6.23F-04 1.34E-04 1.87E-06
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 3.60L-03 3.12E-04 1.12E-06 2.00E-02 S.601E-05 1.34E-04 4.81E-07 1 40E-02 6.73E-09
HAZARD INDEX 241E-03 TOTAL CANCER RISK - 6.73E-09

Equations

Exposure Assumptions

HIF = [(IRc x ETc x EFe x EDc) / BWe + (IRa x ETa x EFa x EDa)/ BWa] / (AT x CF)

CDI=CW x HIF

Hazard Quotient = CDI/ RfD

Cancer Risk = CDI x Slope Factor

Parameter Value
HIF = Human Intake Factor (L/kg-day) Calculated
CDI= Chronic Daily Intake (mg/kg-day) Caleulated
CW = Concentration in Surface Water (mg/L) Chemical-specific
IRc¢ = Child Ingestion Rate (L/hour) 0.05
ETce = Child Exposure Time (hours/day) [
EFc = Child Exposure Frequency (days/year) 34
EDc = Child Exposure Duration {years) 5
BWc¢ = Child Body Weight (kg) 15.1
[Ra = Adult Ingestion Rate(! /hour) 0.01
ETa = Adult Exposure Time (hour/day) 2
EFa = Adult Exposure Frequency (days/year) 4
EDa = Adult Exposure Duration (years) 25
BW = Adult Body Weight (kg) 57.1
CF = Conversion Factor (days/year) 365
ATe = Carcinogenme Averaging Time (years) 70
A'Tne = Noncarcmogente Averagmg Time (years) 30
SF = Slope Factor (tmg Kg-day ) B Chemical-specitic
RfD = Reference Dose (mgkg-day) Chemical-specitic
SHO% Dt Annnad KpeOfie sosls TABLE A2 3 o
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TABLE A-3

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER DUE TO WADING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE
(CURRENT AND FUTURE USE SCENARIO)

Equations

HEF ={ |(SAc x ETc x EFe x EDc)/ BWe + (SAa x ETa x KFa x KEDa)/ BWa] /(AT x CF2)} x CF1 x PC

CDI=CW x HIF
Hazard Quotient = CDI/ RfD
Cancer Risk = (DI x Slope Factor

Exposure Assumptions
Parameter
HIF =
DI =

Human Intake Factor (1./kg-day)
Chronic Daily Intake (mg/kg-day)

CW = Concentration in Surface Water (mg/L.)
PC = Chemical-specific Dermal Permeability Constant (¢cmvhour)

SAc¢ = Child Skin Surfiace Area Available for Contact (cm})

ETe = Child Exposure Time (hours/day)

EFc = Child Exposure Frequency (days/year)
EDc = Child Exposure Duration (years)
BWe = Child Body Weight (kg)

SAa = Adult Skin Surface Arca Available for Contact (cm:)

ETa = Adult Exposure Time (hour “day)

Eka =

Adult Exposure Frequencey (d:

EDa = Adult Exposure Duration (years)
BW = Adult Body Weight (kg)

CFi=

CF2 = Conversion Factor (365 days year)

Conversion Factor (1171 ()()Ucm‘)

ATe = Carcinogenic Averaging Time (years)

ATne = Noncarcinogenic Averaging Time (years)

SF =
RID =

ket 136273 3003 Dratt Annual Bprortha sw s TABLL A3 3o

Slope Factor ((mgkg-day) ')

Reference Dose (mg'kg-day)

Value

Calculated

Calculated

Chemical-specific

Chemical-specific

1.800
3
17
s
15.1
2,800
I

9
57.1
0.001
365
70

14

Chemical-specific

Chemical-specitic

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF cw PC HIF bl RM QUOTIENT HIF Dt SF RISK
POTENTIAL CONCERN (mg/L) (emvhr) | (L/kg-dy) | (mg/kg-dy) | (mg/kg-dy) (unitless) (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" {unitless)
Metals
[Cadmium 3.00E-04 | 1.00E-03 | 6.12E-00 1.84E-09 5.00E-00 3.67E-04 1.22E-06 3.67E-10
Chromium 6.88E-03 | 1.00E-03 | 6.12E-06 4.21E-08 6.00E-05 7.01E-04 1.22E-06 8.42E-09
Cobalt 1.60E-04 | 4.00E-04 [ 2.45E-00 3.92E-10 4.80E-02 8.16E-09 4.90E-07 7.84E-11
Molybdenum 2.78E-03 | 1.OOE-03 | 6.12E-00 1.70E-08 1.90E-03 8.94E-00 1.22E-06 3.40E-09
Seclenium 9.05E-04 | 1.00E-03 | 6.12E-06 5.54E-09 2.20E-03 2.52E-06 1.22E-06 L11E-09
Silver 8.10E-05 | 6.00E-04 | 3.67E-06 2.97E-10 9.00E-04 3.31E-07 7.35E-07 S.95E-11
Vanadium 1.23E-02 | 1.00E-03 | 6.12E-00 7.50E-08 7.00E-05 1.O7E-03 1.22E-00 1.50E-08
Semivolatile Organics
bis(2-Ethylhexyl)phthalate J.00E-03 | 3.30E-02 | 2.02E-04 7.27E-07 3.80E-03 1.91E-04 4.04E-05 1 45E-07 7.37E-02 1.O7E-08
HAZARD INDEX 2.34E-03 TOTAL CANCER RISK 1L.O7E-08
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TABLE A-4

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER DUE TO WADING

OFF-BASE CHILD AND ADULT RESIDENT - RME

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF W PC HIF DI RfD QUOTIENT HIF CD1 SF RISK
POTENTIAL CONCERN (mg/L) {cm/hr) (L/kg-dy) | (mg/kg-dy) | (mg/kg-dy) (unitless) (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Cadmium 3.00E-04 | 1.00E-03 | 4.29E-05 1.29E-08 5.00E-06 2.57E-03 1.84E-05 S.51E-09
Chromium 1.20E-02 | 1.00E-03 | 4.29E-05 5.14E-07 6.00E-05 8.57E-03 1.84E-05 2.20E-07
Cobalt 1.60E-04 | 4.00E-04 1.71E-05 2.74E-09 4.80E-02 5.71E-08 7.35E-06 1.18E-09
Molybdenum 3.50E-03 | 1.00E-03 { 4.29E-05 1.50E-07 1.90E-03 7.89E-05 1.84E-05 6.43E-08
Selenium 1.1I0E-03 | 1.00E-03 | 4.29E-05 4.71E-08 2.20E-03 2.14E-05 1.84E-05 2.02E-08
Silver 8.10E-05 | 6.00E-04 | 2.57E-05 2.08E-09 9.00E-04 2.31E-00 1.10E-05 8.93E-10
Vanadium 1.40E-02 | 1.00E-03 | 4.29L-05 6.00E-07 7.00E-05 8.57E-03 1.84E-05 2.57E-07
Semivolatile Organics
|bis(2-Ethylhexyl)phthalate 3.60E-03 | 3.30E-02 1.41E-03 5.09E-06 3.80E-03 1.34E-03 6.06E-04 2.18E-06 7.37E-02 1.61E-07
HAZARD INDEX = 2.12E-02 TOTAIL CANCER RISK = FOo1E-07

Equations

HIF ={ [(SAc x ETe x EFc x EDc) / BWe + (SAa x ETa x EFa x EDa) / BWa} / (AT x CF2)} x CF1 x PC

CDI=CW x HIF
Hazard Quotient = CDI / RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter
HIF = Human Intake Factor (L/kg-day)
CDI = Chronic Daily Intake (mg/kg-day)
CW = Concentration in Surface Water (mg/1.)

PC = Chemical-specific Dermal Permeability Constant (¢cm/hour)

SAc = Child Skin Surface Arca Available for Contact (cmj)

ETc = Child Exposure Time (hours/day)

EFc = Child Exposure Frequency (days/year)
EDc = Child Exposure Duration (years)

BWc = Child Body Weight (kg)

SAa = Adult Skin Surface Areca Available tor Contact (cml)

ETa = Adult Exposure Time (hour /day)
EFa = Adult Exposure Frequency (days/year)
EDa = Adult Exposure Duration (years)
BW = Adult Body Weight (kg)
CF1 = Conversion Factor (1L/1000c¢m )
CF2 = Conversion Factor (365 days/year)
ATe = Carcimogenic Averaging Time (vears)
ATne = Noncarcinogenic Averaging Time (vears)
Sk = Slope Factor ((mg-kg-day) Y
RfD = Reference Dose (mg/kg-day)

tiker TH6273-5002 Deatt Annual RptOffw swals TABLE A4 2 10 99

Value
Calculated
Calculated

Chemical-specific
Chemical-specific
6.500
6
34
N
15.1
8.620

P

S

ot

571
0.001
365
70
30
Chemical-specific

Chemical-specific
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TABLE A-5

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
INGESTION EXPOSURE TO CHEMICALS IN SURFACE WATER
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER

Oral HAZARD Oral CANCER
CHEMICALS OF CwW CDI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/L) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)

Metals
Beryllium 6.80E-05 5.32E-11 2.00E-03 2.66E-08 3.80E-12
Cadmium 1.23E-03 9.63E-10 5.00E-04 1.93E-06 6.88E-11
Chromium 9.88E-03 7.74E-09 3.00E-03 2 58E-00 5.53E-10
Cobait 2.08E-04 1.63E-10 6.00E-02 2.71E-09 1.16E-11
Copper 5.46E-02 4.27E-08 4.00E-02 1.07E-06 3.05E-09
Molybdenum 1.13E-03 8.85E-10 5.00E-03 1.77E-07 6.32E-11
Selenium 8.78E-04 0.87E-10 5.00E-03 1.37E-07 491E-11
Vanadium 1.33E-02 1.04E-08 7.00E-03 1.48E-06 7.42E-10
Pesticides/PCBs
Dieldrin 2.90E-05 2.27E-11 5.00E-05 4.54E-07 1.62E-12 1.60E+01 2.59E-11
Heptachlor 2.40E-05 1.88E-11 5.00E-04 3.76E-08 1.34E-12 4.50E+00 6.04E-12
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 1.22E-02 9.58E-09 2 00E-02 4.79E-07 6.84E-10 1.40E-02 9.58E-12
Volatile Organics
Acetone 3.73E-03 2.92E-09 1.00E-01 2.92E-08 2.08E-10
Tetrachloroethene 1.50E-03 1.17E-09 1.00E-02 1.17E-07 8.39E-11 5.20E-02 4.36E-12
HAZARD INDEX~= 8.52E-06 TOTAL CANCER RISK~ 4.59E-11

Equations
CDI=(CW X IRXET X EF X ED) (BW X AT X CF)
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter
CDI = Chronic Daily Intake (mg/kg-day)
CW = Concentration in Surface Water (mg/1.)

Value
Chemical-specific
Chemical-specific

IR = Ingestion Rate(L/hour) 0.005
ET = Exposure Time (hours/day) 4
EF = Exposure Frequency (day/year) 1
ED = Exposure Duration (years) 5
BW = Body Weight (kg) 70
CF = Coversion Factor (265 days/yvear) 365
ATe = Carcinogenic Averaging Time (years) 70
ATne = Noncarcinogenic Averaging Time (years) 5

SF = Slope Factor ((mg/kg-day)")
RID = Reference Dose (mgkg-day)

tinker 146273-5003 Dratt. Annual Rpt:OnE swxls' TABLE A-5.310.99
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TABLE A-6

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK

INGESTION EXPOSURE TO CHEMICALS IN SURFACE WATER
ON-BASE CONSTRUCTION WORKER - RME
(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF CwW CDI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/L) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals
Beryllium 6.80E-05 1.06E-09 2.00E-03 5.32E-07 3.80E-10
Cadmium 3.70E-03 5.79E-08 5.00E-04 1.16E-04 2.07E-08
Chromium 1.29E-02 2.02E-07 3.00E-03 6.74E-05 7.22E-08
Cobalt 2.61E-04 4.09E-09 6.00E-02 6.82E-08 1.46E-09
Copper 1.02E-01 1.60E-06 4.00E-02 3.99E-05 S5.70E-07
Molybdenum 1.94E-03 3.04E-08 5.00E-03 6.09E-06 1.09E-08
Selenium 1.20E-03 1.88E-08 5.00E-03 3.76E-06 6.71E-09
Vanadium 1.37E-02 2.15E-07 7.00E-03 3.07E-05 7.66E-08
Pesticides/PCBs
Dieldrin 2.90E-05 4.54E-10 5.00E-05 9.08E-06 1.62E-10 1.60E+01 2.59E-09
Heptachlor 2.40E-05 3.76E-10 5.00E-04 7.51E-07 1.34E-10 4.50E+00 6.04E-10
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 1.30E-02 2.04E-07 2.00E-02 1.02E-05 7.28E-08 1.40E-02 1.02E-09
Volatile Organics
Acctone 3.80E-03 5.95E-08 1.00E-01 5.95E-07 2.12E-08
Tetrachloroethene 1.50E-03 2.35E-08 1.00E-02 2.35E-06 8.39E-09 5.20E-02 4.30E-10
HAZARD INDEX - 2.87E-04 TOTAL CANCER RISK= 4.65E-09
Equations

Exposure Assumptions

Parameter
CDPI= Chronic Daily Intake (mg/kg-day)

CDI=(CW X IR X ET X EF X ED)Y (BW X AT X CF)
Hazard Quotient = CDI1/ RfD
Cancer Risk = CDI x Slope Factor

Value
Chemical-spectfic

CW = Concentration in Surface Water (mg/1) Chemical-specific
IR = Ingestion Rate(l./hour) 0.01
ET = Exposure Time (hours/day) 8
EF = Exposure Frequency (day/year) 5
ED = Exposure Duration (ycars) 25
BW = Body Weight (kg) 70
CF = Coversion Factor (365 days/ycar) 365
ATe = Carcinogenic Averaging Fime (years) 70
ATne = Noncarcinogenic Averaging Time (years) 25

SF = Slope Factor ((mg/kg-day) "
RfD = Reference Dose (mgkg-day)

tinker 146273-5003 Draft. Annual Rpt(
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TABLE A-7

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE
(CURRENT AND FUTURE USE SCENARIOS)

NON-CANCER Dermal HAZARD CANCER Dermal CANCER
CHEMICALS OF CW PC* CDI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/L) (cm/hr) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)

Metals
Beryllium 6.80E-05 | 1.00E-03 2.13E-11 2.00E-05 1.06E-06 1.52E-12
Cadmium 1.23E-03 | 1.00E-03 3.85E-10 5.00E-06 7.71E-05 2.75E-11
Chromium 9.88E-03 | 1.00E-03 3.09E-09 6.00E-05 5.16E-05 221E-10
Cobalt 2.08E-04 | 4.00E-04 2.60E-11 4.80E-02 5.42E-10 1.86E-12
Copper 5.46E-02 | 1.00E-03 1.71E-08 1.20E-02 1.42E-06 1.22E-09
Molybdenum 1.13E-03 | 1.00E-03 3.54E-10 1.90E-03 1.86E-07 2.53E-11
Selenium 8.78E-04 | 1.00E-03 2.75E-10 2.20E-03 1.25E-07 1.96E-11
Vanadium 1.33E-02 | 1.00E-03 4.16E-09 7.00E-05 5.94E-05 2.97E-10
Pesticides/PCBs
Dieldrin 2.90E-05 | 1.60E-02 1.45E-10 2.50E-05 5.81E-06 1.04E-11 3.20E+01 3.32E-10
Heptachlor 2.40E-05 | 1.10E-02 8.27E-11 3.60E-04 2.30E-07 5.90E-12 6.25E+00 3.69E-11
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 1.22E-02 | 3.30E-02 1.26E-07 3.80E-03 3.33E-05 9.03E-09 7.37E-02 6.05E-10
Volatile Organics
Acetone 3.73E-03 8.30E-02
Tetrachloroethene 1.50E-03 1.00E-02 5.20E-02
HAZARD INDEX= 2.30E-04 TOTAL CANCER RISK= 1. 03E-09

Note:

a. Volatile organics are assumed not available for dermal absorption.

Equations

Exposure Assumptions

Parameter

CDI=(CW xSAxPCxET x EF x ED x CF1)/(BW x AT x CF2)
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

CDI = Chronic Daily Intake (mg/kg-day)

CW = Concentration in Surtace Water (mg/1.)

SA = Skin Surface Area Avatlable for Contact (cm:)

PC = Chemical-specific Dermal Permeability Constant (cm/hour)
ET
EF

= Exposure Time (hours/day)
= Exposure Frequency (day/year)

ED = Exposure Duration (years)

CF1 = Volumetric Conversion Factor (0.001 I,n’cm:)

BW = Body Weight (kg)
CF2 = Coversion Factor (365 days/year)

ATe = Carcinogenic Averaging Time (years)

ATne = Noncarcinogenie Averaging Time (years)

SF = Slope Factor ((mg kg-day) )

RfD = Reference Dose (mgkg-day)

tnker 146273-5003-Draft. Annual RptOnk swxls TABLE A-7 31099

Value

Chemical-specitic
Chemical-specific

2.000

Chemical-specitic

4

1
S
0.001
70
365
70

Rl

Chemical-specitic

Chemical-specttic
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TABLE A-8

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER

ON-BASE CONSTRUCTION WORKER - RME
(CURRENT AND FUTURE USE SCENARIOS)

NON-CANCER Dermal HAZARD CANCER Dermal CANCER
CHEMICALS OF Ccw pC* CDI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/L) (em/hr) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals
Beryllium 6.80E-05 [ 1.00E-03 1.04E-09 2.00E-05 5.22E-05 3.73E-10
Cadmium 3.70E-03 [ 1.00E-03 5.67E-08 5.00E-06 1.13E-02 2.03E-08
Chromium 1.29E-02 | 1.00E-03 1.98E-07 6.00E-05 3.30E-03 7.07E-08
Cobalt 2.61E-04 | 4.00E-04 1.60E-09 4.80E-02 3.34E-08 5.73E-10
Copper 1.02E-01 } 1.00E-03 1.57E-00 1.20E-02 1.30E-04 5.59E-07
Molybdenum 1.94E-03 | 1.00E-03 2.98E-08 1.90E-03 1.57E-05 1.07E-08
Selenium 1.20E-03 | 1.00E-03 1.84E-08 2.20E-03 8.37E-06 6.58E-09
Vanadium 1.37E-02 | 1.00E-03 2.10E-07 7.00E-05 3.00E-03 7.51E-08
Pesticides/PCBs
Dieldrin 2.90E-05 | 1.60E-02 7.12E-09 2.50E-05 2.85E-04 2.54E-09 3.20E+01 8.14E-08
Heptachlor 2.40E-05 | 1.10E-02 4.05E-09 3.60E-04 1.13E-05 1.45E-09 0.25E+00 9.04E-09
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 1.30E-02 | 3.30E-02 6.60E-06 3.80E-03 1.74E-03 2.36E-06 7.37E-02 1.74E-07
Volatile Organics

Acctone 3.80E-03 8.30E-02
Tetrachloroethene 1.50E-03 1.00E-02 S.20E-02

HAZARD INDEX = 1.99E-(2 TOTAL CANCER RISK = 2.64E-07

Note:
a. Due to the volatility, volatile organics are assumed not available for dermal absorption.

Equations

CDI=(CWxSAXxPCXET x EFxED x CF1)/(BW x AT x CF2)

Hazard Quotient = CDI / RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter

CDI = Chronic Daily Intake (mg/kg-day)

CW = Concentration in Surface Water (mg/1.)
SA = Skin Surface Arca Available for Contact (cml)
PC = Chemical-specific Dermal Permeability Constant (cm/hour)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (years)

CFKF1 = Volumetric Conversion Factor (0.001 I/em™)
BW = Body Weight (kg)

CF2 = Coversion Factor (365 days/ycar)

ATe = Carcinogenie Averaging Time (years)

AT'ne = Noncarcinogenie Averaging Time (years)
SF = Slope Factor ((mg'kg-day) N
RID = Reterence Dose (img/kg-day)

tnker' 140273-3003-Dratt Annual RprOnE swxls TABLE A-8:3/10,99

Value
Chemical-specitic
Chemical-specific

9,800
Chenitcal-specific

8
S
25
0.001
70
365
70
25
Chemical-specific
Chemical-specitic
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TABLE A-9

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK
INCIDENTAL INGESTION OF CHEMICALS IN SURFACE WATER DUE TO WADING AND SWIMMING

OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF Ccw HIF CDI RfD QUOTIENT HIF CD1 SF RISK
POTENTIAL CONCERN (mg/L) (L/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Cadmium 1.69E-03 8.29E-05 1.40E-07 5.00E-04 2.79E-04 1.66E-05 2.79E-08
Chromium 8.68E-03 8.29E-05 7.19E-07 3.00E-03 2.40E-04 1.66E-05 1.44E-07
Cobalt 2.25E-04 8.29E-05 1.87E-08 6.00E-02 3.11E-07 1.66E-05 3.73E-09
Molybdenum 2.05E-03 8.29E-05 1.70E-07 5.00E-03 3.40E-05 1.66E-05 3.40E-08
Selenium [.61E-03 8.29E-05 1.34E-07 5.00E-03 2.67E-05 1.66E-05 2.67E-08
Vanadium 1.20E-02 8.29E-05 9.95E-07 7.00E-03 1.42E-04 1.66E-05 1.99E-07
Volatile Organics
Acetone 3.20E-03 8.29E-05 2.65E-07 1.00E-01 2.65E-06 1.66E-05 5.31E-08
HAZARD INDEX — 7.25E-04 TOTAL CANCER RISK = 0.00F + 00

Equations

Exposure Assumptions

HIF = |(IRc x ETe x EFe x EDc¢)/ BWe + (IRa x ETa x EFa x EDa)/ BWa] / (CF x AT)

CDI=CW x HIF

Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Parameter
HIF = Human Intake Factor (L/kg-day)
CDI = Chronic Daily Intake (mg/kg-day)

CW = Concentration in Surface Water (mg/L) Chemical-specitic

Value
Calculated
Calculated

IRc = Child Ingestion Rate (L/hour) 0.025
ETc = Child Exposure Time (hours/day) 3
EFc = Child Exposure Frequency (days/ycar) 17
EDc = Child Exposure Duration (years) 5
BWc = Child Body Weight (kg) 151
IRa = Adult Ingestion Rate(1./hour) 0.005
ETa = Adult Exposure Time (hour/day) |
EFa = Adult Exposure Frequency (days/year) 2
EDa = Adult Exposure Duration (ycars) 9
BW = Adult Body Weight (kg) 571
CF = Conversion Factor (days/year) 365
ATe = Carcmogenie Averaging Time (years) 70
Atne = Noncarcinogenic Averaging Time (years 14

Sk = Slope Factor ((mg/kg—d;ly)'l)

RID = Reference Dose (mgrkg-day)

unker 1462735603 Draft Annual Rpt OftE sw xlsy FABLEF A9 3 1099
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Chemical-specitic
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TABLE A-10

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK
INCIDENTAL INGESTION OF CHEMICALS IN SURFACE WATER DUE TO WADING AND SWIMMING

OFF-BASE CHILD AND ADULT RESIDENT - RME

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF CwW HIF bl RfD QUOTIENT HIF CDI SF RISK
POTENTIAL CONCERN (mg/L) (L/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (L/kg-dy) (mg/kg-dy) (mg/kg-dy)” (unitless)
Metals
Cadmium 2.70E-03 3.12E-04 8.41E-07 S.00E-04 1.68E-03 1.34E-04 3.61E-07
Chromuim 1.20E-02 3.12E-04 3.74E-06 3.00E-03 1.25E-03 1.34E-04 1.60E-06
Cobalt 2.70E-04 3.12E-04 8.41E-08 6.00E-02 1.40E-06 1.34E-04 3.61E-08
Molybdenum 3.10E-03 3.12E-04 9.66E-07 S.O0E-03 1.93E-04 1.34E-04 4.14E-07
Selenium 3.90E-03 3.12E-04 1.22E-00 5.00E-03 2.43E-04 1.34E-04 S5.21E-07
Vanadium 1.30E-02 3.12E-04 4.05E-00 7.00E-03 S.79E-04 1.34E-04 1.74E-06
Volatile Organics
Acctone 3.20E-03 3.12E-04 9.97E-07 1LOOE-01 9.97E-06 1.34E-04 4.27E-07
HAZARD INDEX - 396E-03 TOTAL CANCER RISK = 0.00E+00
Equations

Exposure Assumptions

Parameter
HIF =
CDI=
CW=

IRc =
ETce =
Ekc =
EDc =
BWce =
[Ra=
ETa=
Eka=
EDa =
BW =
CF=
ATe=
ATne =
SF =
RfD =

HIF = [(IRc x ETc x EFc x ED¢)/ BWce + (IRa x ETa x EFa x EDa) / BWa| / (AT x CF)

CDI=CW x HIF

Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Human Intake Factor (L/kg-day)
Chronic Daily Intake (mg/kg-day)
Concentration in Surface Water (mg/1.)

Value

Caleulated

Child Ingestion Rate (I/hour) 0.05
Child Exposure Time (hours/day) 6
Child Exposure Frequency (days/year) RE
Child Exposure Duration (years) S
Child Body Weight (kg) 151
Adult Ingestion Rate(L/hour) 0.0t
Adult Exposure Time (hour/day) 2
Adult Exposure Frequency (days/ycar) 4
Adult Exposure Duration (years) 2s
Adult Body Weight (kg) 7.1
Conversion Factor (days/year) RN
Carcinogenie Averaging Time (yvears) 70
Noncarcinogenic Averaging Time (years) 30

Slope Factor ((mgkg-day) ")

Reference Dose (mg/kg-day)

S DR \inual RpgOME s s TABEE A-10 31099
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TABLE A-11

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF CwW PC* HIF CDI RfD QUOTIENT HIF CD1 SF RISK
POTENTIAL CONCERN (mg/L) | (em/hr) | (L/kg-dy) | (mg/kg-dy) | (mg/kg-dy) (unitless) || (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" | (unitless)
Metals
Cadmium 1.69E-03 [ 1.00E-03| 2.17E-05 3.65E-08 5.00E-06 7.30E-03 4.33E-06 7.30E-09
Chromium 8.68E-03 | 1.0O0E-03[ 2.17E-0S 1.88E-07 6.00E-05 3.13E-03 4.33E-06 3.76E-08
Cobalt 2.25E-04 | 4.00E-04 | 8.66E-06 1.95E-09 4.80E-02 4.06E-08 1.73E-06 3.90E-10
Molybdenum 2.05E-03 | 1.00E-03 | 2.17E-05 4.44E-08 1.90E-03 2.34E-05 4.33E-06 8.88E-09
Selenium 1.61E-03 | 1.00E-03 [ 2.17E-05 3.49E-08 2.20E-03 1.59E-05 4.33E-06 6.98E-09
Vanadium 1.20E-02 | 1.00E-03| 2.17E-05 2.60E-07 7.00E-05 3.71E-03 4.33E-06 5.20E-08
Volatile Organics

Acetone 3.20E-03 8.30E-02

HAZARD INDEX = 1.42E-02 TOTAL CANCER RISK = 0.00E+00
Note:

a. Due to the volatility, volatile organics are assumed not available for dermal absorption

Equations

HIF ={ [(SAc x ETc x EFc x EDc)/ BWe + (SAax ETa x EFa x EDa) / BWa| / (AT x CF2)} x CF1 x PC

CDI =CW x HIF

Hazard Quotient = CD1/ RfD

Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter

HIF = Human Intake Factor (L/kg-day)

CDI = Chronic Daily Intake (mg/kg-day)

CW = Concentration in Surface Water (mg/L)

PC

= Chemical-specific Dermal Permeability Constant (¢cm/hour)

SAc¢ = Child Skin Surface Area Available tor Contact (cm:)

ETe = Child Exposure Time (hours/day)

EFc¢ = Child Exposure Frequency (days/ycar)

EDc = Child Exposure Duration (years)

BWe = Child Body Weight (kg)

SAa = Adult Skin Surface Arca Available for Contact (cm:)

ETa = Adult Exposure Time (hour /day)

EFa = Adult Exposure Frequency (days/year)

EDa =
BW = Adult Body Weight (kg)

CF1 = Conversion Factor (1 L/I()()()cm‘)

Adult Exposure Duration (ycars)

CF2 = Conversion Factor (365 days/vear)

ATe = Carcinogenic Averaging Time (vears)

ATne = Noncarcinogenic Averaging Tune (vears)

SF = Slope Factor ((mg/kg-day )
RID = Reference Dose (mgrkg-day)

tnker 62715003 Dratt Annual Rpt O swals TABLE A-11 31099

Value
Calculated
Calculated

Chemical-specific

Chemical-specific

0.500
3
17
5

15.1

0.001
RICh
70
14

Chemical-spectfic

Chemical-specific
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TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

TABLE A-12

DERMAL EXPOSURE TO CHEMICALS IN SURFACE WATER DUE TO WADING AND SWIMMING

OFF-BASE CHILD AND ADULT RESIDENT - RME

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF CwW PC CDI RfD QUOTIENT HIF CDI SF RISK
POTENTIAL CONCERN (mg/L) | (em/hr) | (L/kg-dy) | (mg/kg-dy) | (mg/kg-dy) (unitless) || (L/kg-dy) | (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Cadmium 2.70E-03{ 1.00E-03 | 4.29E-05 1.16E-07 5.00E-06 2.31E-02 1.84E-05 4.96E-08
Chromium 1.20E-02| 1.00E-03 | 4.29E-05 5.14E-07 6.00E-05 8.57E-03 1.84E-05 2.20E-07
Cobalt 2.70E-04| 4.00E-04 | 1.71E-05 4.63E-09 4.80E-02 9.64E-08 7.35E-06 1.98E-09
Molybdenum 3.10E-03| 1.00E-03 | 4.29E-05 1.33E-07 1.90E-03 6.99E-05 1.84E-05 S.69E-08
Selenium 3.90E-03] 1.00E-03 | 4.29E-05 1.67E-07 2.20E-03 7.60E-05 1.84E-05 7.16E-08
Vanadium 1.30E-02] 1.00E-03 | 4.29E-05 5.57E-07 7.00E-05 7.96E-03 t.84E-05 2.39E-07
Volatile Organics

Acetone 3.20E-03 8.30E-02

HAZARD INDEX = 3.98E-02 TOTAL CANCER RISK = 0.00E+00

Note:

a. Due to the volatility. volatile organics

Equations

Exposure Assumptions

are assumed not avatlable for dermal absorption.

HIF ={ [(SAc x ETc x EFc x EDc) / BWc +(SAax ETa x EFa x EDa)/ BWa] / (AT x CF2)} x CF1 x PC

CDI=CW x HIF

Hazard Quotient = CDI/ RfD

Cancer Risk = CDI x Slope Factor

Parameter

HIF = Human Intake Factor (L/kg-day)

CDI = Chronic Daily Intake (mg/kg-day)

CwW
PC
SAc
ETe
EFe
EDc
BWe¢

CF1 = Conversion Factor (11 l()(J()cm{}

= Concentration in Surface Water (mg/l.)

= Chemical-specific Dermal Permeability Constant (¢cm/hour)

= Child Skin Surface Area Available for Contact (sz)

= Child Exposure Time (hours/day)

= Child Exposure Frequency (days/ycar)

= Child Exposure Duration (years)

= Child Body Weight (kg)

= Adult Skin Surface Arca Available for Contact (sz)

= Adult Exposure Time (hour /day)

= Adult Exposure Frequency (days/year)

= Adult Exposure Duration (years)
"= Adult Body Weight (kg)

C'F2 = Conversion Factor (365 days/year)

A'Te = Carcinogenic Averagmg Time (vears)

ATne = Noncarcmogenic Averaging Time (years)

SF = Slope Factor ((mg/kg-day) ™)
RID = Reference Dose (mg/kg-day)

vnker 1402703003 Draft: Annual Rpr Ot
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Chemical-specific

Chemical-specific

Chemical-specific

Chemical-specific

Value

Calculated

Calculated

6.500

o
>
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‘I
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N
0.001
365
70
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TABLE A-13

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK

INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING

OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE
(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
[CHEMICALS OF Ccs HIF (&) RfD QUOTIENT HIF CDI SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Arsenic 4.50E+00 1.11E-01 4 98E-07 3.00E-04 1.66E-03 2.22E-02 9.97E-08 1.SOE+00 1.50E-07
Cadmium 4.39E+00 1.11E-01 4.86E-07 1.00E-03 4.86E-04 2.22E-02 9.72E-08
Chromium 6.89E+01 1.11E-01 7.63E-06 3.00E-03 2.54E-03 2.22E-02 1.53E-06
Thallium 1.91E+01 1.11E-01 2.11E-06 7.00E-05 3.01E-02 2.22E-02 4.22E-07
Pesticides/PCBs
Aroclor 1254 1.74E+00 111E-01 1.93E-07 2.00E-05 9 64E-03 2.22E-02 3.86E-08 2.00E+00 7.71E-08
Semivolatile Organics
Benzidine 8 90E-02 1.11E-01 9.86E-09 3.00E-03 3.29E-06 2.22E-02 1.97E-09 2.30F+02 4.54E-07
{[Benzo(a)pyrene 2.26E-01 1.11E-01 2.51E-08 2.22E-02 5 O1E-09 7.30E+00 3.66E-08
|[Dibenz(a hyanthracene 1.80E-01 111E-01 1 99E-08 2.22E-02 3.99E-09 7.30E+00 2.91E-08
HAZARD INDEX = 445802 TOTAL CANCER RISK = 7 46E-07
Equations

HIF = {(IRc x EFc x ED¢) / BWce + (IRa x EFa x EDa) / BWal/ (AT x CF2)

CDI=CS x HIF x CF1
Hazard Quotient = CDI1/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter
HIF = Human Intake Factor {mg/kg-day)
CDI = Chronic Daily Intake (mg/kg-day)
CS = Concentration in Sediments (mg/kg)
[Rc = Child Ingestion Rate (mg/day)
EFc = Child Exposure Frequency (days/year)
EDc¢ = Child Exposure Duration (ycars)
BWece = Child Body Weight (kg)
IRa = Adult Ingestion Rate (mg/day)
EFa = Adult Exposure Frequency (days/year)
EDa = Adult Exposure Duration (ycars)
BWa = Adult Body Weight (kg)
CF2 = Conversion Factor 2 (365 days/ycar)
ATce = Carcinogenic Averaging Time (years)
ATne = Noncarcinogenic Averaging ‘Time (years)
CF1 = Conversion Factor 1(0.000001 kg/mg)
SF = Slope Factor ((mg/kg-day) Y
RfD = Reference Dose (mg/kg-day)

tinker: 140273-5003 Draft. Annual RprOfW sed xIs TABLE A-13°3 11.99

Values
Calculated
Calculated

Chemical-specific
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5
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TABLE A-14

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK
INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING
OFF-BASE CHILD AND ADULT RESIDENT - RME

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF (& HIF bl RfD QUOTIENT HIF (&) ] SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals
Arsenic 1.22E+01 2.22E-01 2.70E-00 3.00L-04 9.01E-03 9.50E-02 1.16E-06 1.50E+00 1.74E-00
[Cadmium 1.21E+01 2.22E-01 2.08E-00 1.00E-03 2.68E-03 9.50E-02 1.15E-06
[Chromium 9.06E+01 2.22E-01 2.01E-05 3.00E-03 6.69E-03 9.50E-02 8.61E-00
Thallium 4.31E+01 2.22E-01 9.55E-00 7.00E-05 1.36E-01 9.501:-02 4.09E-06
Pesticides/PCBs
Aroclor 1254 4.60E+00 2.22E-01 1.02E-06 2.00k-05 S 10E-02 9.50E-02 4.37E-07 2.00E+00 8.74E-07
Semivolatile Organics
Benzidine 8.90E-02 2.22E-01 1.97E-08 3.00E-03 6.57E-06 9.50E-02 §.45E-09 2.30E+02 1.94E-06
Benzo(a)pyrene 5.80E-01 2.22E-01 1.29E-07 9.50E-02 S.51E-08 7.30E400 4.02E-07
Dibens(a.h)anthracene 1.80E-01 2.22E-01 3.99E-08 9.50E-02 1.71E-08 7.30E+00 1.25E-07
HAZARD INDEX 2.061:-01 TOTAL CANCER RISK 3 O8E-00

Equations

Exposure Assumption

S

Parameter

HIF

DI =
S =

IR¢
EFc
EDc

BWe

IRa
EFa
EDa
BW
CE2

ATe =
ATnce =

CF1
SKE
RID

HIF = [(IRe x EFe x EDe) / BWe + (IRa x EFa x EDa)/ BWal/ (ATx CF2)

CDI=CS x HIF x CF1
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Human Intake Factor (mg/kg-day)
Chronic Daily Intake (mg/kg-day)
Concentration in Sediments (mg/ky)
Child Ingestion Rate (mg/day)

Child Exposure Frequeney (days/year)
Child Exposure Duration (years)

Child Body Weight (kg)

Adult Ingestion Rate (mg/day)

Adult Exposure Frequency (days/year)
Adult Exposure Duration (years)
Adult Body Weight (kg)

Conversion Factor 2 (365 days/vear)
Carcinogenic Averaging Time (years)
Noncarcmogenic Averaging Time (vears)
Conversion Factor T (0.000001 kg my)

Slope Factor ((mg'kg-day) )

= Reference Dose tmg kg-day)

tnker 14627353003 Dratt Annual Rpt O sedoxds TARLE A-133 10 99

Values

Calculated
Chemical-specific

Chemical-specific

200
34

25
571
365
70
30
0.000001

Chemical-specific
Chemical-specttic
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TABLE A-15

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
ICHEMICALS OF cs ABS HIF bl RfD QUOTIENT HIF D1 SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)” (unitless)
Metals
Arsenic 4.50E+00 0.001 2.02E-03 9.08E-09 1.23E-04 7.38E-05 4.03E-04 1.82E-09 3.66E 100 6.64E-09
“admium 4.39E+00 0.001 2.02E-03 8.85E-09 1.00E-05 8.85E-04 4.03E-04 1.77E-09
Chromium 6.89E+01 0.001 2.02E-03 1.39E-07 6.00E-03 2.32E-03 4.03E-04 2.78E-08
[Thallium 1.9VE+01 0.001 2.02E-03 3.84E-08 1.0SE-05 3.66E-03 4.03E-04 7.69E-09
Pesticides/PCBs
Aroclor 1254 1L.74E+00 0.01 2.02E-02 3.51E-08 1 .80E-05 1.95E-03 4.03E-03 7.02E-09 2. 20E400 1.54E-08
Semivolatile Organics
Benzidine 8.90E-02 0.01 2.02E-02 1.80E-09 2.40E-03 7.48E-07 4.03E-03 3.59E-10 2.88E+02 1.03E-07
"Bcn/oqu)pyrcnc 2.26E-01 0.01 2.02E-02 4.56E-09 4.03E-03 9. 13E-10 2.35E+01 2. 1SE-08
"l)lbcn/(a‘h);mthmccnc 1.80E-01 0.01 2.02E-02 3.63E-09 4.03E-03 7.26E-10 2.35E+01 1.71E-08
HAZARD INDEX 8.89E-03 TOTAL CANCER RISK = 164E-07

Equations

Exposure Assumptions
Parameter
HIF =
CDI =
S =
SAc =
EFc=
EDc =
BWce =
SAa =
FFa=
EDa=
BW =
AF =
ABS =
CF2=
ATce =
Alne =
CF1 =
Sk =
RID =

tinker 146273500 Draft Annual

HIF = {{(SAc x EFc x EDc x ABS)/ BWc + (SAa x EFax EDa x ABS)/ BWa] x AF} /(AT x CF2)
CDI=CS x HIF x CF1

Hazard Quotient = CDI / R{D

Cancer Risk = C'DI x Slope Factor

Values
Human Intake Factor (mg/kg-day) Calculated
Chronic Daily Intake (mg/kg-day) Chemical-specific
Concentration in Sediments (mg/kg) Chemical-specific
Child Skin Surface Area Available for Contact (cm”) 1,800
Child Exposure Frequency {days/year) 17
Child Exposure Duration (years) 5
Child Body Weight (kg) 151
Adult Skin Surface Arca Available for Contact (cm:) 2.800
Adult Exposure Frequency (days/year) 2
Adult Exposure Duration (years) 9
Adult Body Weight (kg) 571
Adherence Factor (mgr’cm:«iuy) 0.2
Absorption Factor (unitless) Chemical-type specific
Converston Factor 2 (365 days/year) 365
Carcinogenic Averaging Time (vears) 70
Noncarcinogenic Averaging Time (years) 14
Conversion Factor 1 (0.000001 kgrmg) 1.00E-06
Slope Factor ((mge kg-day) 5 Chemical-specitic
Reterence Dose (mgke-dav) Chemical-specitic

Rpt OfPW sed XIS TABLE A-LS 31099
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TABLE A-16

TINKER AFB SITE - OFF-BASE WEST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING

OFF-BASE CHILD AND ADULT RESIDENT - RME
(CURRENT AND FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
[CHEMICALS OF cs ABS HIF CDI RfD QUOTIENT HIF bl SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)* (unitless)
Metals
Arsenic 1.22E+01 0.001 8.06F-03 9.84E-08 1.23E-04 8.00E-04 3.45E-03 4.22E-08 3.66E+00 1.54E-07
Cadmium 1.21E+01 0.001 8.06E-03 9.75E-08 1.OOE-05 9.75E-03 3.45E-03 4.18E-08
[Chromium 9.06E+01 0.001 8.06E-03 7.30E-07 0.00E-05 1.22E-02 3.45E-03 3.13E-07
Thallium 4.31E+01 0.001 8.06E-03 3.47E-07 1.OSE-05 331E-02 345E-03 149E-07
Pesticides/PCBs
Aroclor 1254 4.60E+00 0.01 8.06E-02 3.71E-07 1.80E-05 2.06E-02 3.45E-02 1.59E-07 2.20E+00 3.50E-07
Semivolatile Organics
Benzidine 8.90E-02 0.01 8.00E-02 7.17E-09 2.40E-03 2.99E-06 3 45E-02 3.07E-09 2 88E 02 8.84E-07
"Bcnzo(a)pyrcnc 5.80E-01 0.01 8.06E-02 4.68E-08 3 45E-02 2.00E-08 2.35E+01 4.72E-07
"Dlbcn/(u.h)anlhmccnc 1.80E-01 0.01 8.06E-02 1.45E-08 345E-02 6.22E-09 2.35E+01 1.46E-07
HAZARD INDEX 7.64E-02 TOTAL CANCER RISK = 2.01E-06
Equations

HIF = {|(SAc x EFe x EDc x ABS)/ BWc + (SAa x EFa x EDa x ABS)/ BWa| x AF} / (AT x CF2)

CDI=CSx CF1 x HIF
Hazard Quotient = CDI / RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter Values
HIF = Human Intake Factor (mg/kg-day) Calculated
CDI = Chronic Daily Intake (mg/kg-day) Chemical-specific

CS = Concentration in Sediments (mg/kg) Chemical-specific

SAc = Child Skin Surface Arca Available for Contact (cm”) 0.500

EFc = Child Exposure Frequency (days/year) 34
EDc = Child Exposure Duration (years) 5
BWece = Child Body Weight (kg) 15.1
SAa = Adult Skin Surface Area Available for Contact (¢cm” 8.620
EFa = Adult Exposure Frequency (days/year) 4
EDa = Adult Exposure Duration (years) 25
BW = Adult Body Weight (kg) 57.1
AF = Adherence Factor (mg/cm:«luy) |
ABS = Absorption Factor (unitless) Chemical-type specific
CF2 = Converston Factor 2 (365 days/ycar) 365
ATe = Carcinogenic Averaging Time (years) 70
ATne = Noncarcinogenic Averaging Time (years) 30
CF1 = Conversion Factor 1 (0.000001 kg/mg) 1.OOE-06
SE = Slope Factor ((mg/kg-day) Y Chemical-specific
RID = Reference Dose (my/kg-day) Chemical-specific

tiker 146273-3003 Deatt Annual Rpr O sed xls TABLE A- 162310 99
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TABLE A-17

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE

(CURRENT USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF s DI RfD QUOTIENT DI SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)’' (unitless)
Metals
Arsenic 3.41E+00 1.34E-09 3.00E-04 4.45E-06 9.54E-11 1.50E+00 1.43E-10
Cadmium 3.12E+01 1.22E-08 1.00E-03 1.22E-05 8.72E-10
[lchromium 2.48E+02 9.69E-08 3.00E-03 3.23E-05 0.92E-09
"(‘oppcr 2.57E+02 1.00E-07 4.00E-02 2.51E-06 7.18E-09
Lead 1.55E+02 6.08E-08 NTF* 4.34E-09
Manganese 6.07E+02 2.61E-07 2.00E-02 1.30E-05 1.86E-08
Mercury” 3.16E-01 1.24E-10 1.00E-04 1.24E-06 8.82E-12
Molybdenum 1.20E+01 4.69E-09 5.00E-03 9.39E-07 3.35E-10
Nickel 2.82E+02 1.10E-07 2.00E-02 5.52E-06 7.88E-09
Silver 3.06E+00 1.20E-09 5.00E-03 2.39E-07 8.55E-11
Thallium 3 18E+01 1.25E-08 7.00E-05 1.78E-04 8.90E-10
Vanadium 2.77E401 1.O9E-08 7.00E-03 1.55E-06 7.75E-10
Pesticides/PCBs
Aldrin 2.68E-02 1.0SE-11 3.00E-05 3.50E-07 7.49E-13 1.70E+01 1.27E-11
Aroclor 1254 1.77E+00 6.94E-10 2.00E-05 3.47E-05 4.96E-11 2.00E+00 991E-11
Semivolatile Organics
Benzo(a)anthracene 1.82E+00 7.14E-10 5. 10E-11 7.30E-01 3.72E-11
Benzo(a)pyrene 1.99E+00 7.81E-10 5.58E-11 7.30E+00 4.07E-10
Benzo(b)fluoranthene 2.14E+00 8.37E-10 5.98E-11 7.30E-01 43711
Benzo(k)fluoranthene 1.73E+00 0.79E-10 4.85E-11 7.30E-02 3.54E-12
Dibenz(a,h)anthracene 0.58E-01 2.58E-10 1.84E-11 7.30E+00 1.34E-10
Indeno(1.2.3-cd)pyrene 1.64E+00 6.41E-10 4.38E-11 7.30E-01 3.34E-11
HAZARD INDEX = 2.87E-04 TOTAL CANCER RISK = 9. 14E-10
Notes:
a. NTF -~ No critcal toxicity values. surrogate toxicity values are not available for these chemicals: therefore, they were not evaluated
in the quantitative risk assessment
b RD tor methvimercury.
Equations
CDI=(CSx CFI X IR X EF x ED)/(BW x AT x CF2)
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor
Exposure Assumptions
Parameter Values

D1 = Chronic Daily Intake (mg/kg-day)
S = Concentration in Sediments (mg/kg)
CFL= Conversion Factor 1 (10" kg'mg)
IR = Scediment Ingestion Rate (mg'day)
EF = Fxposure Frequeney (day vear)
D = Exposure Duration (vears)
BW = Bodv Weight (kg)
CEF2 = Conversion Factor 2 (365 davs vear)
ATe= Carcinogenic Averaging Time (years)
ATne = Noncarcinogenic Averaging Time (vears)
SK = Slope Factor ((mg/kg-day)™)
RfD = Reference Dose (mgikg-day)

tnker 1462733003 Dratt Annual RprOnE sed s TABLE A1 3011 99

Calculated

Chemical-specific

1.00E-00
10

Chemical-specitic

Chemical-specitic
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TABLE A-18

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - RME
(CURRENT USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF (& CDI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals

Arsenic 6.29E+00 6.16E-08 3.00E-04 2.05E-04 2.20E-08 1.50E+00 3.30E-08
Cadmium 2.79E+02 2.73E-06 1.00E-03 2.73E-03 9.76E-07
Chromium 7.32E+02 7.16E-06 3.00E-03 2.39E-03 2.56E-06
Copper 1.39E+03 1.36E-05 4.00E-02 3.40E-04 4.86E-06
Lead 4.14E+02 4.05E-06 NTFa 1.45E-06
Manganese 1.11E+03 1.09E-05 2.00E-02 S.43E-04 3.88E-06
Mercury” 1.20E+00 1.17E-08 1.00E-04 1.17E-04 4.19E-09
"Molybdcnum 4.88E+01 4.78E-07 5.00E-03 9.56E-05 1.71E-07
Nickel 8.71E+02 8.52E-06 2.00E-02 4.26E-04 3.04E-06
Silver 6.58E+00 6.44E-08 5.00E-03 1.29E-05 2.30E-08
‘Thallium 6.18E+01 0.05E-07 7.00E-05 8.64E-03 2.16E-07
Vanadium 1 16E+01 4.07E-07 7.00E-03 5.82E-05 1. 45E-07

Pesticides/PCBs
Aldrin 1.10E-01 1.08E-09 3.00E-05 3.59E-05 3.84E-10 1.70E+01 6.53E-09
Aroclor 1254 1.30E+01 1.27E-07 2.00E-05 0.30E-03 4.54E-08 2.00E+00 9 09E-08
Semivolatile Organics

Benzo(a)anthracene 8.00E+00 7.83E-08 2.80E-08 7.30E-01 2.041-08

Benzo(a)pyrene 8.65E+00 8.40E-08 3.02E-08 7.30E+00 2.21E-07

Benzo(b)tluoranthene 9.41E+00 9.20E-08 3.29E-08 7.30E-01 2 40E-08

Benzo(k)fluoranthene 6.93E+00 6.73E-08 2.42E-08 7.30E-02 1.77E-09

Dibenz(ah)anthracene 1.23E+00 1.20E-08 4.29E-09 7.30E+00 3 13E-08

Indeno(1,2.3-cd)pyrene 7.10E+00 6.94E-08 2.48E-08 7.30E-01 1.81E-08

HAZARD INDEX ~ 2. 20E-02 TOTAL CANCER RISK 447807

Notes:
a. NTF - No critical toxicity values. surrogate toxicity values are not available for these chemicals; therefore, they were not evaluated
i the quantitative risk assessment.

b, RID for methyvimercury.

Equations
CDE=(CSx CF1 x IRXEF x EDY/(BW x AT x CF2)
Hazard Quotient = CDI1/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter Values
b1 = Chronic Daily Intake (mg/kg-day) Calculated
'S = Concentration in Sediments (mg/kg) Chemical-specific
CFI = Conversion Factor 1(10 " kgimg) 1.O0E-06
IR = Sediment [ngestion Rate (mgiday) S0
EF = Exposure Frequencey (dayosear) S
D = Exposure Duration (vears) 23
BW = Body Weight (ke) 70
CFX = Conversion Factor 2 (365 days/vear) 63
ATe = Carcinogenic Averaging Time (years) i
ATnc = Noncarcinogenic Averaging Time (years) 23
SF = Slope Factor ((mg'kg-day) ") Chemical-specitic
RfD = Reference Dose (mg/kg-day) Chemical-spectfic

nnker 140273-S003 Dratt: Annual RprOnk sed NI TABLE A-1X 3 1199
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TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK

TABLE A-19

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE
(CURRENT USE SCENARIO)

Notes:

a. NTF = Nocnueal toxicity values,

surrogate toxicity values are not

m the quantitative risk assessment

b R{D tor methylmercury

Equations

CDI=(CS x CF1 x SA x AF x ABS x EF x EDY(BW x AT x CF2)

Hazard Quotient = CD1/ RfD

Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter

p1 = Chronic Daily Intake (mg/kg-day)

¢S = Concentration in Sediments (my kg)

CF1 = Conversion Factor 1 (107 kg'mg)

SA = Skin Surface Arca Availabic tor Contact (¢m’

AF = Adherence Factor (mg cm"»duy]

SE = Slope Factor ((mg-kg-day) ")
RfD = Reference Dose (mgkg-day)

Bkt 14027V 003 Dratt Anaugd BprOat sed s TABLE A-R0 3 1190

Absorption Factor (unitless)
< Exposure Frequency (davsivear)
Fxposure Duration (vears)
Body Weight (kg)

Conversion Factor 2 0305 days vear)
Carcinogenic Averaging Time [years)

Noncarcinogente Averaging Fime (years)

available for these chenmcals: therefore. they were not evaluated

Values
Calculated

Chemical-specitic

1 001--00
2.000

0.2

Chemcal-type specific

Chemeal specific

Chemieal-specitic

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF s ABS oDl RM QUOTIENT DI SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg'd})rl (unitless)
Metals
Arsenic 3.41E+00 0.001 S.34E-11 1.23E-04 3 R2E-12 3.66E+00 140E-11
Cadmium 3 12E+01 0.001 4.88E-10 1.00E-05 349E-11
[Chromium 2.48E+02 0.001 I 87E-09 6.00E-08
Copper 2.57E+02 0.001 4.02E-09 1.20E-02
Lead 1.55E+02 0.001 2.43E-09 NTFa
Manganese 6.67E+02 0.001 1.04E-08 8.00E-04 7.40E-10
Mcrcuryh 3.16E-01 0.001 4.94E-12 9.00E-05 3 3
Molybdenum 1. 20E+01 0.001 1.88E-10 1.90E-03
Nickel 2.82E+02 0.001 4.42E-09 S5.40E-03 R 18E-07 3.1SE-10
Silver 3.06E+00 0.001 4.79E-11 9.00E-04 5.22E-08 3A42E-12
Thallium 3.18E+01 0.001 4 98E-10 1.0SE-05 4.75E-05 3.56E-11
Vanadium 2.77E+01 0.001 4.34E-10 7 00E-08 6.20E-06 3.10E-11
Pesticides/PCBs
Aldrin 2.68L-02 0.01 4.20E-12 1.SOE-05 2.80E-07 3.00E-13 3A40E0L 1.O2E-11
Aroclor 1254 1.77E+00 0.01 2.78E-10 1. 8OE-05 1.54E-05 2.22E+00 441E-11
Semivolatile Organics

Benzo(a)anthracene 1.82+00 0.01 2.85E-10 2.35E+00 4.80E-11
Benzo(a)pyrene 1.99E+00 0.01 312E-10 2.35E+01 5
Benzo(b)luoranthene 2 14E+00 0.01 2 3SE-10 2.35E+00
Benzo(k)fluoranthene 1.73E400 0.01 2.72E-10 2.35E-01 STk
Dibenz{a.h)anthracene 6.58E-01 0.01 1.03E-10 2.35E+01 F.73E-10
Indeno(1.2.3-cd)pyrene 1.64E+00 0.01 2.57E-10 1.83E-11 2.35E+00 4 31E-11

HAZARD INDEX [LOKE-04 TOTAT CANCER RISK 9 19E-10
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TABLE A-20

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - RME
(CURRENT USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF S ABS DI RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals

Arsenic 6.29E+00 0.001 1.21E-08 1.23E-04 9.81E-05 4 31E-09 3.66E+00 1.58E-08
Cadmium 2.79E+02 0.001 5.36E-07 1.00E-05 5.36E-02 1.91E-07
[Chromium 7.32E+02 0.001 1.40E-06 6.00E-05 2.34E-02 5.01E-07
Copper 1.39E+03 0.001 2.67E-06 1.20E-02 2.22E-04 9.52E-07
Lead 4.14E+02 0.001 7.94E-07 NTFa 2.84E-07
[[Manganese L1IE+03 0.001 2.13E-06 8.00E-04 2.00E-03 7.60E-07
[IMercury” 1.20E+00 0.001 2 30E-09 9.00E-05 2.56E-05 8.22E-10
molybdcnum 4.88E+01 0.001 9.37E-08 1.90E-03 4.93E-05 3.35E-08
Nickel 8.71E+02 0.001 1.67E-06 SA40E-03 3.09E-04 5.96E-07
Silver 6.58E+00 0.001 1.26E-08 9.00E-04 1.40E-05 4.51E-09
Thallium 6.18E+01 0.001 1.19E-07 1.05E-05 1.13E-02 4.23E-08
Vanadium 4.16E+01 0.001 7.98E-08 7.00E-05 1.14E-03 2.85E-08

Pesticides/PCBs
Aldrin 1.10E-01 0.01 2.11E-09 1.50E-05 1.41E-04 7.53E-10 3 40E401 2.56E-08
Aroclor 1254 1.30E+01 0.01 2. 49E-07 1.80E-05 1.39E-02 8.90E-08 2.22E+00 1.98[-07
Semivolatile Organics

Benzo(a)anthracene 8.00E+00 0.01 1.53E-07 5.48E-08 2.35E400 1.291-07

Benzo(a)pyrene 8.65E+00 0.01 1.66E-07 5.93E-08 2.35E+01 1. 40E-06

“Bcnzo(b)ﬂuorunthcnc 9.41E+00 0.01 1.80E-07 6.44E-08 2.35E+00 1.52E-07

"Bcnzo(k)ﬂuorunlhcnc 6.93E+00 0.01 1.33E-07 4.74E-08 2.35E-01 1 12E-08

ﬁ)ibcnz(a.h)amhracenc 1.23E+00 0.01 2.35E-08 8.40E-09 2.35E+01 1.98E-07

Indeno(1,2,3-cd)pyrene 7.10E+00 0.01 1.36E-07 4.86E-08 2.35E+00 1.14E-07

HAZARD INDEX = 1.O7E-01 TOTAL CANCER RISK - 2.24E-06

Notes:
a. NTF = No critical toxicity values. surrogate toxicity values are not available for these chemicals: therefore., they were not evaluated
in the quantitative risk assessment.

b. RiD for methylmercury.

Equations
CDE=(CS X CFI x SA X AF x ABS x EF x ED)/(BW x AT x CF2)
Hazard Quotient = CD1/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter Values
D1 = Chronic Daily Intake (mg/kg-day) Calculated
s = Concentration in Sediments (mg/kg) Chemical-specific
CF1 = Conversion Factor 1 (10 ‘ kg'myg) 1.00E-06
SA - Skin Surface Arca Avarlable for Contact (em™) 9800
AF = Adherence Factor (mgem™day) |
ABS = Absorption FFactor (unitless) Chemical-ty pe specitic
EF = Fxposure Frequeney (days vear) N
ED - Bxposare Duration (vears) 25
BW - Body Weight (ke o
CF2 = Conversion Factor 2 (365 days year) 363
ATe = Carcinogenic Averaging Time (vears) 70
ATnce = Noncarcinogenic Averagimg Time (years) 23
SF = Slope Factor ((mg/kg-day) h Chemical-specitic
RID = Reference Dose (mg/kg-day) Chemical-specific

fnker 1462735003 Draft Annual Rpt Onk sed A TABELE A220.3 1199
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TABLE A-21

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE
(FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF s &) R QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)” (unitless)
Metals
Antimony 4.01E+00 1.57E-09 4 00E-04 3.92E-06 1.12E-10
Arsenic 2.98E+00 1.16E-09 3.00E-04 3.88E-06 8.32E-11 1 .S0E+00 1.25E-10
Cadmium 3 56E+01 1.39E-08 1.00E-03 1.39E-05 9.94E-10
Chromium 3.02E+02 1.18E-07 3.00E-03 3.94E-05 8.44E-09
Copper 1.74E+02 6.81E-08 4.00E-02 1.70E-06 4.86E-09
1cad 1 .34E+02 5.23E-08 NTFa 3.74E-09
|[Manganese 5.71E+02 2.24E-07 2.00E-02 1.12E-05 1.60E-08
IMercury” 3.49E-01 1.36E-10 1.00E-04 1.36E-06 9.74E-12
Molybdenum 9.08E+00 3.55E-09 5.00E-03 7.11E-07 2.54E-10
Nickel | 88E+02 7.37E-08 2.00E-02 3.68E-00 5.26E-09
Silver 6.13E+00 2 40E-09 5.00E-03 4 80E-07 1.71E-10
Thailium 440E+01 1.72E-08 7.00E-05 2.40E-04 1.23E-09
Vanadium 2.40E+01 9.39E-09 7.00E-03 1 34E-06 6.70E-10
Pesticides/PCBs
Aldrin 8.92E-02 3.49E-11 3.00E-05 1.16E-06 2.49E-12 1.70E+01 4.24E-11
Aroclor 1254 2.59E+00 1.01E-09 2.00E-05 S.07E-0S 7.25E-11 2.00E+00 1 45E-10
Semivolatile Organics
Benzidine 9.40E-02 3.08E-11 3.00E-03 1.23E-08 2.63E-12 2.30E+02 6.04E-10
Benzo(a)anthracene 4.10E+00 1.61E-09 1.ISE-10 7.30E-01 8.37E-11
Benzo(a)pyrene 4.82E+00 1 .89L-09 1.35E-10 7.30E+00 9.85E-10
Benzo(b)fluoranthene 4.606E+00 1.82E-09 1.30E-10 7.30E-01 9S1E-11
Benzo(k)fluoranthene 4.28E+00 1.67E-09 1.20E-10 7.30E-02 8.73E-12
Dibenz(a h)anthracene 1.34E+00 5.26E-10 3.76E-11 7. 30E+00 2.74E-10
Indeno( 1.2.3-cd)pyrene 3 81E+00 1.49E-09 1.06E-10 7.30E-01 7.77E-11
HAZARD INDEX - 3.79E-04 TOTAL CANCER RISK 209

Notes:

a. NTF = No critical toxicity values. surrogate toxicity values are not avatlable for these chemicals: therefore, they were not evaluated

in the quantitative risk assessment.

b, RED for methylmercury.

Equations

CDI=(CSx CFI x IR x EF x ED)/(BW x AT x CF2)

Hazard Quotient = CDI/ RfD

Cancer Risk = CDI x Slope Factor

Exposure Assumptions
>arameter

(@]
oS
CFl1
IR = Scdument Ingestion Rate (mg-day)

EF = Iyposure Frequeney (day.vear)

= Conversion Factor 1 (10

6

ED = Fxposure Duration (years)
BW = Body Weight (ky)
Cl2
\Te
Al'ne

SF = Slope Factor ((n
RID = Reference Dose (mg/kg-day)
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ng/ke-day) Y

kgmy)

= Chronic Daily Intake (mg/kg-day)
= Concentration in Sediments (mg/kg)

= Conversion Factor 2 (365 dayvs vear)
= Carcmogenic Averaging Time (years)

= Noncarcinogenic Averaging Time (vears)

Values
Calculated
Chemical-specttic
1 D0E-06
10

Chemical-specitic

Chenncal-specific
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TABLE A-22

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - RME

(FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF CS CDI RD QUOTIENT bl SF RISK
POTENTIAL CONCERN (mg/Kg) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals
Antimony 4.61E+00 4.51E-08 4.00E-04 1.13E-04 1.6 E-08
Arsenic 3.97E+00 3.89E-08 3.00E-04 1.30E-04 1.39E-08 1.50E+00 2.08E-08
Cadmium 1.49E+02 1.46E-06 1.00E-03 1.46E-03 5.22E-07
[Chromium 6.19E+02 6.05E-06 3.00E-03 2.02E-03 2.16E-06
[Copper 4. 21E+02 4.12E-06 4.00E-02 1.03E-04 1.47E-06
Lead 2.31E+02 2.26E-06 NTFa 8.07E-07
Manganese 7.12E+02 0.97E-00 2.00E-02 3.48E-04 2.49E-06
Mcx’curyh 8.27E-01 8.10E-09 1.00E-04 8. 10E-05 2.89E-09
Molybdenum 1.64E+01 1.61E-07 5.00E-03 3.21E-05 5.73E-08
Nickel 2.67E+02 2.62E-06 2.00E-02 1.31E-04 9.35E-07
Silver 9.89E+00 9.67E-08 S.00E-03 1.93E-05 3.45E-08
Thallium 6.18E+01 6.05E-07 7.00E-05 8.64E-03 2.16E-07
Vanadium 2.98E+01 291E-07 7.00E-03 4.16E-05 1.04E-07
Pesticides/PCBs
Aldrin 1.10E-01 1.08E-09 3.00E-0S 3.59E-05 3.84E-10 1.70E+01 6.53E-09
Aroclor 1254 1.30E+01 1.27E-07 2.00E-05 6.36E-03 4.54E-08 2.00E+00 9.09E-08
Semivolatile Organics
Benzidine 9.40E-02 9.20E-10 3.00E-03 3.07E-07 3.28E-10 2.30E+02 7.50E-08
Benzo(a)anthracene 9.39E+00 9.19E-08 3.28E-08 7.30E-01 2.40E-08
Benzo(a)pyrene 1.12E+01 1.09E-07 3.91E-08 7.30E+00 2.85E-07
Benzo(b)tluoranthene 1.00E+01 9.81E-08 3.51E-08 7.30E-01 2.56E-08
Benzo(k)tluoranthene 8.38E+00 8.20E-08 2.93E-08 7.30E-02 2.14E-09
Dibenz(a.h)anthracene 1.77E+00 1.73E-08 0.18E-09 7.30E+00 4.51E-08
Indeno(1,23-cd)pyrene 7.74E+00 7.58E-08 2.71E-08 7.30E-01 1.98E-08
HAZARD INDEX = 1.95E-02 TOTAL CANCER RISK = S.O6E-07

Notes:
4. NTF

in the quantitative risk assessment.

b. RID for methylmercury.

No critical toxicity values. surrogate toxicity values are not avattable for these chemicals: therefore, they were not evaluated

Equations

CDI=(CSx CFI X IR X EF x ED)/(BW x AT x CF2)
Hazard Quotient = CDI/ RID
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter
D1 = Chronic Daily Intake (mg/kg-day)

Values

Calculated

S = Concentration in Sediments (mg/kg) Chemical-specitic
CF1 = Conversion Factor | (107 kg/mg) 1.00E-06

IR = Sediment Ingestion Rate (mg-day) S0
EF - Exposure Freguencey (dayiyear) Al
ED = Exposure Duration (years) 25
BW = Body Weight (kg) o
CF2 = Conversion Factor 2 (365 days year) 63
ATe = Carcinogenic Averagimg Time (years) 70
ATne = Noncarciogenic Averaging Time (years) 25

SF = Slope Factor ((mg/kg-day) ‘) Chemical-specific

RID = Reference Dose (mg/kg-day)
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TABLE A-23

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - AVERAGE EXPOSURE
(FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF S ABS Dl RfD QUOTIENT CDI SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)" (unitless)
Metals
Antimony 4.01E+00 0.001 6.28E-11 8.00E-06 7.85E-06 4.48E-12
Arsenic 2.98E+00 0.001 4.66E-11 1.23E-04 3.79E-07 3.33E-12 3.66E+00 1.22E-11
Cadmium 3.56E+01 0.001 5.57E-10 1.00E-05 5.57E-05 3.98E-11
Chromium 3.02E+02 0.001 4.73E-09 6.00E-05 7.88E-05 3.38E-10
Copper 1.74E+02 0.001 2.72E-09 1.20E-02 2.27E-07 1.95E-10
Lead 1.34E+02 0.001 2.09E-09 NTFa 1.50E-10
Manganese 5. 71E+02 0.001 8.94E-09 8.00E-04 1.12E-05 6.39E-10
Mercury" 3.49E-01 0.001 5.46E-12 9.00k-05 6.06E-08 3.90E-13
Molybdenum 9.08E+00 0.001 1.42E-10 1.90E-03 7.48E-08 1.02E-11
Nickel 1.88E+02 0.001 2.95E-09 5.40E-03 5.46E-07 2.11E-10
Silver 6.13E+00 0.001 9.60E-11 9.00E-04 1.07E-07 6.86E-12
Thallium 4.40E+01 0.001 6.88E-10 1.05E-05 6.55E-05 4.91E-11
Vanadium 2.40E+01 0.00! 3.75E-10 7.00E-05 5.36E-06 2.68E-11
Pesticides/PCBs
Aldrin 8.92E-02 0.01 1.40E-11 1.50E-08 9.31E-07 9.97E-13 340E+01 3.39E-11
Aroclor 1254 2.59E+00 0.01 4.06E-10 1.80E-0S 2.25E-05 2.90E-11 2.22E+00 6.44E-11
Semivolatile Organics

Benzidine 9.40E-02 0.01 1.47E-11 2.40E-03 6.13E-09 1.05E-12 2.88E+02 3.03E-10
Benzo(a)anthracene 4. 10E+00 0.01 6.42E-10 4.59E-11 2.35E+00 1.08E-10
Benzo(a)pyrene 4.82E+00 0.01 7.55E-10 S.39E-11 2.35E+01 1.27E-09
Benzo(b)fluoranthene 4.66E+00 0.01 7.30E-10 5.21E-11 2.35E+00 1.23E-10
Benzo(k)fluoranthene 4 28E+00 0.01 6.69F-10 4.78E-11 2.35E-01 113E-11
Dibenz(ah)anthracene 1.34E+00 0.01 2. 10E-10 1.S0E-11 2.35E+01 3. 54E-10
Indeno(1.2.3-cd)pyrene 3.81E+00 0.01 S.96E-10 4.26E-11 2. 35E+00 1.00E-10

HAZARD INDEX = 2 49E-04 TOTAL CANCER RISK = 2 38E-09

Notes:
a. NTF = No critical toxicity values, surrogate toxicity values are not available for these chemicals: therefore, they were not evaluated
in the quantitative risk assessment

b. RtD for methvimercury.

Equations
CDI=(CSxCFI xSAXAFXABS x EF x ED)/(BW x AT x CF2)
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter Values
D1 = Chronic Daily Intake (mg/kg-day) Calculated
S = Concentration in Sediments (mg/kg) Chemical-spectfic
CF1 = Conversion Factor 1 (10 kg/myg) 1.00E-00
SA = Skin Surface Area Available for Contact (em’) 2.000
AF = Adherence Factor (mg cm?—d:l}; 0.2
ABS = Absorption Factor (unitless) Chemical-type specific
EF = Exposure Frequency (days year) i
ED = Lxposure Duration (vears) s
BW = Body Weight (kg) Rl
CF2 = Conversion Factor 2 (365 days year) 268
ATce = Carcinogenic Averaging Time (years) 70
ATne = Noncarcinogenic Averagmg, Time (vears) s
SF = Slope Factor ((mgxkg—«l;ly)’j) Chemical-specitic
RfD = Reference Dose (mg/kg-day) Chemical-specific
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TABLE A-24

TINKER AFB SITE - ON-BASE EAST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT
ON-BASE CONSTRUCTION WORKER - RME

(FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF s ABS (Qu} R QUOTIENT b1 SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy)-1 (unitless)
Metals
Antimony 4.61E+00 0.001 8.84L-09 1.10E-03 3.16E-09
Arsenic 3.97E+00 0.001 7.62E-09 6.19E-05 2.72E-09 3.06E+00 9.95E-09
Cadmium | 49E+02 0.001 2.86E-07 2.86E-02 1.02E-07
Chromium 6.19E+02 0.001 1.19E-06 1.98E-02 4.24E-07
Copper 4.21E+02 0.001 8.07E-07 6.72E-05 2.88E-07
1.ead 2.31E402 0.001 443E-07 1.58E-07
Manganese T12E+02 0.001 1.37E-06 8.00E-04 L71E-03 4.88E-07
Mcrcuryh 8.27E-01 0.001 1.59E-09 9.00E-05 1.76E-05 5.67E-10
Molybhdenum L64E+01 0.001 3.15E-08 1.90E-03 1.06E-05
Nickel 2.67E+02 0.001 5.13E-07 5.40 3 9.S0E-05
Silver 9.89E+00 0.001 1.90E-08 9.00E-04 2.11E-05
Thallium 6.18E+01 0.001 1.19E-07 1.0; S 1.13E-02
Vanadium 2.98E+01 0.001 S.71E-08 7.00E-05 8. 16E-04
Pesticides/PCBs
Aldrin 1.10E-01 0.0t 2.11E-09 1.50E-05 1.41E-04 340E+0L 2.50E-08
Aroclor 1254 F.30E+01 0.01 2.49E-07 1.80E-05 1.39E-02 2.22E+00 { ORE-07
Semivolatile Organics

Benzidine 9.40E-02 0.01 1.80k-09 2.40E-03 7.S1E-07 0.41E-10 288K +02 SE-07
Benzo{a)anthracene 939400 0.01 1.80E-07 0.43E-08 235K
Benzofa)pyrene L12E+01 0.01 2.1S5E-07 7.66E-08 2.
Benzo(bWluoranthene LOOE+01 0.01 1.92F-07 6.87E-08 2.
Benzo(k)lTuoranthene 8.I8E+00 0.01 1.61E-07 5.74E-08 2
Dibenz(a.h)anthracene 1.77E+00 0.01 3.39E-08 1.21E-08 2.
Indenof 1.2 3-cdjpyrene 7745100 0.01 1.49E-07 530E-08

HAZARD INDEX = 776102 TOTAL CANCER RISK 2 96E-06
Notes

a. NTF  Nocnueal toxienty values. surrogate toxicity values are notavailable for these chenicals: therefore. they were not evaluated

i the quantitative risk assessment

b, RID tor methylmercury

Equations

CDE=(CS x CFT x SA x AF x ABS x EF x EDY/(BW x AT x ('F2)

Hazard Quotient = CDI/ RfD
DI x Slope Factor

Cancer Risk =

Exposure Assumptions
Parameter
¢t = Chronic Daily Intake (mg/kg-day)
Concentration in Sediments (mg/kg)

CF1 = Conversion Factor 1 (10" kg/mg)
SA = Skin Surface Area Available for Contact {cm™)
Adherence Factor (mgrem’ -day)
Absorption Factor (unitless)
Exposure Frequeney (daysiyear)
Jxposure Duration (vears)
= Body Weight (k)
= Conversion Factor 2 (365 days:year)

c = Carcinogenic Averaging Time (vears)

= Noncarcinogenie Averaging Fime (vears)
SF = Slope Factor ((myg Ky-day) Yy
RIM = Reference Dose (mgrkg-day)
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Values

Calculated

Chenmeal-speaitic

1.00E-06
9.K00

1

Chemical-type specitic

3
28

Chemical-specttic

Chemieal-pecitic
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TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

TABLE A-25

INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE
(CURRENT USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF S HIF CD1 RfD QUOTIENT HIF D1 SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) | (mg/kg-dy) (mg/kg-dy)"’ (unitless)
Metals
Barium 1.48E+03 1.11E-01 1.64E-04 7.00E-02 2.35E-03 2.22E-02 3.29E-05
Cadmium 2.02E+01 1.11E-01 2.23E-06 1.00E-03 2.23E-03 2.22E-02 4.46E-07
Chromium 1.34E+02 1.11E-01 1.48E-05 3.00E-03 4.93E-03 2.22E-02 2.96E-06
Semivolatile Organics
Benzo(a)pyrene 8.20E-02 1.11E-01 9.08E-09 2.22E-02 1.82E-09 7.30E+00 1.33E-08
HAZARD INDEX = 9.51E-03 TOTAL CANCER RISK = 1.33E-08

Equations

Exposure Assumptions
Parameter

HIF=
CbI=
CS=
IRc=
EFc=
EDc=
BWc=
IRa=
EFa=
EDa=
BWa=
CF2 =
ATe=
Alne =
CFKl =
Sk =
RfD =

HIF = |(IRc x EFc x EDc) / BWce + (IRa x EFa x EDa)/ BWa)/ (ATx CF2)

CDI=CS x HIF x CF1
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Human Intake Factor (mg/kg-day)
Chronic Daily Intake (mg/kg-day)
Concentration in Sediments (mg/kg)
Child Ingestion Rate (mg/day)

Child Exposure Frequency (days/year)
Child Exposure Duration (years)
Child Body Weight (kg)

Adult Ingestion Rate (mg/day)

Adult Exposure Frequency (days/year)
Adult Exposure Duration (years)
Adult Body Weight (kg)

Conversion Factor 2 (365 days/year)
Carcinogenic Averaging Time (years)
Noncarcinogenic Averaging Time (years)
Conversion Factor 1(0.000001 kg/mg)
Slope Factor ((mg/kg-day) ")
Reference Dose (mgikg-day)
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Values
Calculated
Calculated

Chemical-spectfic

100
17
5

15.1
10

14
0.000001

Chemical-specific
Chemical-specific
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TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

TABLE A-26

INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - RME
(CURRENT USE SCENARIO)

Equations

Exposure Assumptions
Parameter

HIF = [(IRc x EFc x EDc)/ BWc + (1Ra x EFa x EDa)/ BWal/ (ATx CF2)
CDI=CSx HIF x CF1
Hazard Quotient = CD1/ RfD)

Cancer Risk = CDI x Slope Factor

HIF= Human Intake Factor (mg/kg-day)
CDI= Chronic Daily Intake (mg/kg-day)
CS= Concentration in Sediments (mg/kg)

IRc= Child Ingestion Rate (mg/day)

EFc= Child Exposure Frequency (days/year)
EDc= Child Exposure Duration (years)
BWc= Child Body Weight (kg)

IRa= Adult Ingestion Rate (mg/day)

EFa= Adult Exposure Frequency (days/vear)
EDa= Adult Exposure Duration (years)
BWa= Adult Body Weight (kg)
CF2 = Conversion Factor 2 (365 days/ycar)
A'Te = Carcinogenic Averaging Time (years)
A'Tnc = Noncarcinogenic Averaging Time (ycars)
CF1 = Conversion Factor 1 (0.000001 kg/mg)

SF = Slope Factor ((mg/kg-day)")
RID = Reference Dose (mg/kg-day)

unker B6275003 Dratt Annual Rpt OnE sed 8IS TARLE A26 3 1199

Values

Calculated

Calculated

Chemical-specific

200

20
0.000001

Chemical-specitic

Chemical-specitic

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF cs HIF D1 RfD QUOTIENT HIF [e))] SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) {unitless) (mg/kg-dy) | (mg/kg-dy) (mg/kg-dy) ! (unitless)
Metals
Barium 4.55E+03 2.22E-01 1.O1E-03 7.00E-02 1.44E-02 9.50E-02 4.32E-04
Cadmium 5.20E+01 2.22E-01 1.15E-05 1.00E-03 1.15E-02 9.50E-02 4.94E-06
Chromium 2.69E+02 2.22E-01 5.96E-05 3.00E-03 1.99E-02 9.50E-02 2.56E-05
Semivolatile Organics
Benzo(a)pyrene 8.20E-02 2.22E-01 1.82E-08 9.50E-02 7.79E-09 7.30E+00 5.69E-08
HAZARD INDEX - 4.58E-02 TOTAL CANCER RISK = 5.09E-08
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TABLE A-27

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK
DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE
(CURRENT USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF (& ABS HIF Dl R QUOTIENT HIF Cpl SK RISK
POTENTIAL CONCERN (mg/kg) (unitless) | (mg/kg-dy) [ (mg/kg-dy) | (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)” (unitless)
Il Metals
[Barium 1.48E+03 0.001 1.47E-03 2.17E-06 4.90E-03 4.44E-04 2.93E-04 4.35E-07
Cadmium 2.02E+01 0.001 1.47E-03 2.96E-08 1.O0E-05 2.96E-03 2.93E-04 S.9LE-09
Chromium 1.34E+02 0.001 1.47E-03 1.96E-07 6.00E-05 3.26E-03 2.93E-04 3.92E-08
Semivolatile Organics
Benzo(a)pyrene 8.20E-02 0.01 1.47E-02 1.20E-09 2.93E-03 2.41E-10 2.35EH01 5.06E-09
HAZARD INDEX = 0.66E-03 TOTAL CANCER RISK = 5.06E-09

Equations
HIF = {|(SAc x EFc x EDc x ABS)/ BWc + (SAa x EFa x EDa x ABS)/ BWa| x AF} /(AT x CF2)
CDI=CSx HIF x CF1
Hazard Quotient = C'D1/ RfDy
Cancer Risk = CDI x Slope Factor

Exposure Assumptions

Parameter Values
HIF = Human Intake Factor (mg/kg-day) Calculated
CDI1= Chronic Daily Intake (mg/kg-day) Chemical-specific
'S = Concentration in Sediments (mg/kg) Chemical-specific
SAc= Child Skin Surface Area Available for Contact (cml) 6,500
EFc¢= Child Exposure Frequency (days/year) 17
EDc= Child Exposure Duration (years) 5
BWe= Child Body Weight (kg) 151
SAa= Adult Skin Surface Area Available for Contact {cm’) 2,800
Adult Exposure Frequeney (days/year) 2
EDa= Adult Exposure Duration (years) 9
BWa= Adult Body Weight (kg) 57.1
AF= Adherence Factor (mg/cm:—duy) 0.2
ABS= Absorption Factor (unitless) Chemical-type specitic
CF2 = Conversion Factor 2 (365 days/year) 365
ATe = Carcinogenic Averaging Time (years) 70
ATne = Noncarcinogenic Averaging lime (years) 14
CF1 = Conversion Factor 1 (0.000001 kg/mg) 1.00E-06
SF = Slope Factor ((mg/kg-day) " Chemical-specitic
RID = Reference Dose (mg/kg-day) Chemical-specitic

tinker 1462735008 Draft Annual Rpt OftE sedsds TABLE A 27 21109
Pave 1ot



TABLE A-28

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING

OFF-BASE CHILD AND ADULT RESIDENT - RME
(CURRENT USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
CHEMICALS OF S ABS HIF bl RfD QUOTIENT HIF DIl SF RISK
POTENTIAL CONCERN (mg/kg) | (unitless) | (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)" (unitless)
I Metals
IBarium 4.55E+03 0.001 8.06E-03 3.67E-035 4.90E-03 7.49E-03 3 45E-03 1.57E-05
Cadmium 5.20E+01 0.001 8.06E-03 4.19E-07 1.00E-05 4.19E-02 3.45E-03 1.80E-07
(Chromium 2.69E+02 0.001 8.06E-03 2.17E-06 6.00E-05 3.61E-02 3.45E-03 9.29E-07
Semivolatile Organics
Benzo(a)pyrene 8.20E-02 0.01 8.060E-02 6.01E-09 3.45E-02 2.83E-09 2.35E+01 6.67E-08
HAZARD INDEX = 8.55E-02 TOTAL CANCER RISK = 0.67E-08

Equations

HIF = {|(SAc x EFe x EDc x ABS)/ BWe + (SAa x EFa x EDa x ABS)/BWa| x AF} /(AT x CF2)

CDI=CSx CFlx HIF
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter
HIF= Human Intake Factor (mg/kg-day)
CDI= Chronic Daily Intake (mg/kg-day)
(C'S= Concentration in Sediments (mg/kg)

Values
Calculated
Chemical-specific
Chemical-specific

SAc= Child Skin Surface Area Available for Contact (em’) 6.500
EFc= Child Exposure Frequency (days/year) 34
EDe¢= Child Exposure Duration (years) S
BWc= Child Body Weight (kg) 151
SAa= Adult Skin Surface Area Available for Contact (em’) 8.620
EFa= Adult Exposure Frequency (days/ycar) 4
EDa= Adult Exposure Duration (ycars) 25
S7.1

BWa= Adult Body Weight (kg)
AF= Adherence Factor (mg/cm:-day)
ABS= Absorption Factor (unitless)

Chemical-type specitic

CF2 = Conversion Factor 2 (365 days/year) 365
ATc = Carcinogenic Averaging Time (years) 70
30

ATnce = Noncarcinogenic Averaging Time (years)
CFK1 = Conversion Factor I (0.000001 kg/mg)

SF = Slope Factor ((mg/kg-d:ly)")
RID = Reference Dose (myikg-day)

tmker 146273 3003 Dratt Annual Rpr Ot sed vls TABEE A28 31109

1.00E-06
Chemical-specific
Chemical-specific
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TABLE A-29

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK
INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(FUTURE USE SCENARIO)

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF (& HIF Dl RID QUOTIENT HIF DI SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) | (mg/kg-dy) | (mg/kg-dy) (unitless) (mg/kg-dy) | (mg/kg-dy) (mg/kg-dy)"' (unitless)
Metals
Barium 8.01E+02 1. 11E-01 8.87E-05 7.00E-02 1.27E-03 2.22E-02 1.77E-05
Cadmium 1.12E+01 1.11E-01 1.24E-06 1.00E-03 1.24E-03 2.22E-02 2.48E-07
Chromium 6.95E+01 1.11E-01 7.70E-06 3.00E-03 2.57E-03 2.22E-02 1.54E-06
Semivolatile Organics
Benzo(a)pyrene 1.50E-01 1.11E-01 1.66E-08 2.22E-02 3.32E-09 7.30E+00 2.43E-08
HAZARD INDEX = 5.07E-03 TOTAL CANCER RISK = 243E-08

Equations HIF = [(IRc x EFc x EDc) / BWc + (IRa x EFa x EDa)/ BWa|/ (ATx CF2)

CDI =CS x HIF x CF1
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Exposure Assumptions
Parameter Human Intake Factor (mg/kg-day)
HIF= Chronic Daily Intake (mg/kg-day)
CDI= Concentration in Sediments (mg/kg)
CS= Child Ingestion Rate (mg/day)
1Re= Child Exposure Frequency (days/year)
EFc= Child Exposure Duration (ycars)
EDc= Child Body Weight (kg)
BWc= Adult Ingestion Rate (mg/day)
IRa= Adult Exposure Frequency (days/year)
EFa= Adult Exposure Duration (ycars)
EDa= Adult Body Weight (kg)
BWa= Conversion Factor 2 (365 days/year)
CF2 = Carcinogenic Averaging Time (years)

ATe = Noncarcinogenic Averaging Time (years)

A'Fne = Conversion Factor 1(0.000001 kg/mg)

CF1 = Slope Factor ((mg/’kg-duy)"h
SF = Reference Dose (mg/kg-day)
RfD =

Gnker 146273-5003 Draft Apnual RprOfT sed xIsTABLE A-29 3:11799

Values
Calculated
Calculated

Chemical-specific
100
17
S
15.1
10

14
0.000001
Chemical-specific
Chemical-specific
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TABLE A-30

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

INCIDENTAL INGESTION EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING

OFF-BASE CHILD AND ADULT RESIDENT - RME
(FUTURE USE SCENARIOQ)

Equations

Exposure Assumptions
Parameter
HIF=
CDI=
CS=
IRc=
EFc=
EDce=
BWc=
IRa=
EFa=
EDa=
BWa=
CF2=
ATe =
ATne =
CFKl =
SF =
RfD =

HIF = [(IR¢ x EFe x EDc) / BWc + (IRa x EFa x EDa) / BWal/ (ATx CF2)

CDI=CS x HIF x CF1
Hazard Quotient = CDI1/ RID
Cancer Risk = CDI x Slope Factor

Human Intake Factor (mg/kg-day)
Chronic Daily Intake (mg/kg-day)
Concentration in Sediments (mg/kg)
Child Ingestion Rate (mg/day)

Child Exposure Frequency (days/year)
Child Exposure Duration (years)

Child Body Weight (kg)

Adult Ingestion Rate (mg/day)

Adult Exposure Frequency (days/year)
Adult Exposure Duration (years)
Adult Body Weight (kg)

Conversion Factor 2 (365 days/year)
Carcinogenic Averaging Time (years)
Noncarcinogenic Averaging Time (years)
Conversion Factor 1 (0.000001 kg/mg)

Slope Factor ((mg/kg-day) Y

Reterence Dose (mgrkg-day)

tnker 1462715008 Dratt Annual Rpt O sed vl TABLE A3 21194

Values
Caleulated
Caleulated

Chemical-specific
200
34
N
15.1
100
4
25
57.1
305
70
20
0000001
Chemical-specitic
Chemical-specific

NON-CANCER CANCER
Oral HAZARD Oral CANCER
CHEMICALS OF & HIF CD1 RID QUOTIENT HIF (q)]] SF RISK
POTENTIAL CONCERN (mg/kg) (mg/kg-dy) (mg/kg-dy) | (mg/kg-dy) | (unitless) || (mg/kg-dy) | (mg/kg-dy) (mg/kg-dy)” (unitless)
Metals
Barium 1 44E+03 2.22E-01 3.20E-04 7.00E-02 4.57E-03 9.50E-02 1 37E-04
Cadmium 5.20E+01 2.22E-01 1.1SE-05 1.00E-03 1.15E-02 9.50E-02 1.94E-06
Chromium 2.69E+02 2.22E-01 5.96E-05 3.00E-03 1.99E-02 9.50E-02 2.560E-05
Semivolatile Organics
Benzo(a)pyrenc 1.50E-01 2.22E-01 3.32E-08 9.50E-02 1.42E-08 7.30E+00 1.04E-07
HAZARD INDEX = 3.60E-02 TOTAL CANCER RISK 1 04E-07
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TABLE A-31

TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - AVERAGE EXPOSURE

(FUTURE USE SCENARIO)

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
ICHEMICALS OF CS ABS HIF Dl RfD QUOTIENT HIF Dl SF RISK
POTENTIAL CONCERN (mg/kg) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)” (unitless)
I Metals
Barium 8.01E+02 0.001 1.47E-03 1.17E-06 4.90E-03 2.40E-04 2.93E-04 2.35E-07
(Cadmium 1.12E+01 0.001 1.47E-03 1.64E-08 1.00E-05 1.64E-03 2.93E-04 3.28E-09
(Chromium 6.95E+01 0.001 1.47E-03 1.02E-07 6.00E-05 1.70E-03 2.93E-04 2.04E-08
Semivolatile Organics
Benzo(a)pyrene 1.50E-01 0.01 1.47E-02 2.20E-09 2.93E-03 4 40E-10 2.35E101 1.04E-08
HAZARD INDEX = 3.58E-03 TOTAL CANCER RISK ~ 1.04E-08

Equations

Fxposure Assumptions
Parameter
HIF =
DI =
S =
SAc=
EFce=
EDc=
BWc=
SAa=
EFa=
EDa=
BWa=
AF=
ABS=
CF2=
ATe=
ATne =
CFl =
SF =
RID =

HIF = {{(SAc x EFc x EDc x ABS)/ BWc + (SAa x EFa x EDa x ABS)/ BWa| x AF}/ (AT x CF2)
CDI=CS x HIF x CF1

Hazard Quotient = CDI/ RfD

Cancer Risk = CDI x Slope Factor

Values
Human Intake Factor (mg/kg-day) Caleulated
Chronic Daily Intake (mg/kg-day) Chemical-specific
Concentration in Sediments (mg/kg) Chemical-specific
Child Skin Surface Arca Available for Contact (cm’) 6.500
Child Exposure Frequency (days/year) 17
Child Exposure Duration {ycars) S
Child Body Weight (kg) 15.1
Adult Skin Surface Arca Available for Contact (cm’) 2.800
Adult Exposure Frequency (days/year) 2
Adult Exposure Duration (ycars) 9
Adult Body Weight (kg) S7.1
Adherence Factor (mg/cnr‘—duy) 0.2
Absorption Factor (unitless) Chemical-type specitic
Conversion Factor 2 (365 days/year) 365
Carcinogenic Averaging Time (years) 70
Noncarcinogenic Averaging Time (years) 14
Conversion Factor 1 (0.000001 kg/mg) 1.OOE-00
Slope Factor ((mg/kg-day) " Chemical-specitic
Reference Dose (mgrkg-day) Chemical-specitic
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TINKER AFB SITE - OFF-BASE EAST SOLDIER CREEK

TABLE A-32

DERMAL EXPOSURE TO CHEMICALS IN SEDIMENT DUE TO WADING AND SWIMMING
OFF-BASE CHILD AND ADULT RESIDENT - RME
(FUTURE USE SCENARIO)

Equations

Exposure Assumptions
Parameter
HIF=
hi=
CS=
SAc=
Eke=
EDc=
BWe=
SAa=
EFa=
EDa=
BWa=
\F=
ABS=
CF2
ATe=
ATne =
CFl =
Sk =
RfD =

Il

HIF = {[(SAc x EFc x EDc x ABS)/ BWc + (SAa x EFa x EDa x ABS) / BWa] x AF} /(AT x CF2)

CDI=CSx CF1x HIF
Hazard Quotient = CDI/ RfD
Cancer Risk = CDI x Slope Factor

Human Intake Factor (mg/kg-day)

Chronic Daily Intake (mg/kg-day)

Concentration in Sediments (mg/kg)

Child Skin Surface Area Available for Contact (cm”)
Child Exposure Frequency (days/year)

Child Exposure Duration (years)

Child Body Weight (kg)

Adult Skin Surface Area Available for Contact (¢cm’)
Adult Exposure Frequency (days/ycar)

Adult Exposure Duration (years)

Adult Body Weight (kg)

Adherence Factor (mg,”cm:-(lu}, )

Absorption Factor (unitless)

Conversion Factor 2 (365 days/ycar)

Carcinogenic Averaging Time (years)
Noncarcinogenic Averaging Time (years)
Conversion Factor 1 (0.000001 kg/mg)

Slope Factor ((mg/kg-day) Y

Reference Dose (mg/kg-day)

Bker 1462738 5003 Dratt Annual Rpt O sed xls TABLE A-32 3 1199

Values
Calculated
Chemical-specific
Chemical-specitic
6,500
34

Chemical-type specific
365
70
30
1.00E-006
Chemical-specitic
Chemical-specific

NON-CANCER CANCER
Dermal HAZARD Dermal CANCER
[CHEMICALS OF s ABS HIF DI RfD QUOTIENT HIF CD1 SF RISK
POTENTIAL CONCERN (mg/kg) | (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy) (unitless) (mg/kg-dy) (mg/kg-dy) (mg/kg-dy)" (unitless)
|r Metals
Barium 1.44E+03 0.001 8.00E-03 1.16E-05 4.90E-03 2.38E-03 3.45E-03 4.99E-06
Cadmium 5.20E+01 0.001 8.00E-03 4.19E-07 1.00E-05 4.19E-02 3.45E-03 1.80E-07
Chromium 2.69E+02 0.001 8.00E-03 2.17E-06 6.00E-05 3.61E-02 3.45E-03 9.29E-07
Semivolatile Organics
Benzo(a)pyrene 1.50E-01 0.01 8.06E-02 1.21E-08 3.45E-02 5.18E-09 2.35E+01 1.22E-07
HAZARD INDEX = 8.04E-02 TOTAL CANCER RISK - 1.22E-07
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FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
MARCH 1939

APPENDIX B

DETECTION SUMMARIES
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APPENDIX B - DETECTION SUMMARIES

Bl
B2
B3
B4
BS
B6
B7
B8

First Event Fourth Year Sediment Results (0-6 inches)

First Event Fourth Year Second Year Sediment Results (6-12 inches)
First Event Fourth Year Sediment Results (greater than 12 inches)
Second Event Fourth Year Sediment Results (0-6 inches)

Second Event Fourth Year Sediment Results (6-12 inches)

Second Event Fourth Year Sediment Results (greater than 12 inches)
First Event Fourth Year Surface Water Results

Second Event Fourth Year Surface Water Results

G\TINKER\14627-5003\DRAFT_ANNUAL RPTWANNLRPT2A DOC

FOURTH YEAR ANNUAL REPORT

LONG TERM MONITORING OF SOLDIER CREEK
CONTRACT NO.: F34650-98-D-0032-5003
MARCH 1999
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TABLE B-3
FIRST EVENT FOURTH YEAR SEDIMENT SAMPLING DETECTIONS
(greater than 12 inches bgs), January 1998

East Soldier Creek West Soldier Creek
QE06 QE07 QEO08 QE10 QWo7

(3.5-4.0 feet) | (3.5-4.0 feet) | (3.5-4.0 feet) | (3.5-4.0 feet) (2.5-3.0 feet)
PCBs and Pesticides - Method 8080 (mg/kg)
Aroclor 1254
delta-BHC
Semivolatile Organics - Method 8270 (mg/kg)
1,2-Dichlorobenzene

1,4-Dichlorobenzene 0.11
1-Chloronaphthalene 4.5 0.3
2,4-Dimethylphenol

2-Chloronaphthalene 0.27 0.18 0.23
2-Methylnaphthalene 0.043
2-Methylphenol

Acenaphthene 0.55
Acenaphthylene

Acetophenone

Anthracene 0.21 1.3 0.048
Azobenzene

Benzidine

Benzo(a)anthracene 0.66 3.9 0.099
Benzo(a)pyrene 0.79 5 0.14
Benzo(b)fluoranthene 0.74 4.8 0.13
Benzo(g,h,i)perylene 0.66 59 0.17
Benzo(k)fluoranthene 0.63 4.2 0.11
Benzoic acid

bis(2-Ethylhexyl)phthalate 33 2.9 2.1
Butyl benzyl phthalate

Chrysene ! 5.5 0.18

Di-n-butyl phthalate
Di-n-octyl phthalate

Dibenz(a,h)anthracene 0.28

Dibenz(a,j)acridine 0.26

Dibenzofuran 0.35

Fluoranthene 2.5 14 1.3

Fluorene 0.71

Indeno(1,2.3-cd)pyrene 0.63 4.9 0.13

Naphthalene 2 0.056

Phenanthrene 1.3 7.1 0.24

Phenol

Pyrene 1.4 9.3 0.29

Total Metals - Methods 6010/7060/7471/7740 (mg/kg)

Aluminum 4390 3450 5560 2540 7430
Antimony

Arsenic 1.3 3.1 2.5 0.68 5.
Barium 477 128 504 317 1310
Beryllium 0.35 0.45 0.37 1.2
Cadmium 8.8 8.4 109 10.5

unker/d026cr/ Tedy mpyAppB _detects.xIs/sd- 1103 0172572000 Page 6 of 16



TABLE B-3

FIRST EVENT FOURTH YEAR SEDIMENT SAMPLING DETECTIONS
(greater than 12 inches bgs), January 1998

East Soldier Creek West Soldier Creek
QE06 QE07 QEO08 QE10 QW07
(3.5-4.0 feet) | (3.5-4.0 feet) | (3.5-4.0 feet) [ (3.5-4.0 feet) (2.5-3.0 feet)

Calcium 9150 184000 7920 1130 1460
Chromium 169 58.4 651 48.5 24.8
Cobalt 6.2 3.6 7.6 3.1 8.6
Copper 126 53.7 40.8 2.5 6
Iron 7150 6210 10600 5990 18700
Lead 108 539 77.7 5.7
Magnesium 2400 4560 2250 668 3760
Manganese 192 179 534 68.1 380
Mercury 0.23 0.12 0.028 0.029
Molybdenum 2.4 3.5
Nickel 329 233 152 6.4 24.2
Potassium 512 393 732 457 596
Selenium
Silver 1.5 1.2 7.9
Sodium 175 1280
Thallium
Vanadium 19.2 10.1 24.1 14.4 60.3
Zinc 152 74.8 100 13.4 27.8
Volatile Organics - Method 8260 (mg/kg)
2-Butanone (MEK) 0.015
Acetone 0.044 0.0082 0.058 0.036 0.0066
Acrylonitrile 0.014
Carbon disulfide
Chlorobenzene 0.03 I
Dichlorodifluoromethane
Ethyl methacrylate
Ethylbenzene 0.0087
Methylene chloride 0.0029 0.0027 0.009 0.0014 0.0023
Tetrachloroethene
Toluene
Trichlorofluoromethane
Xylenes (total) 0.0028

tinker/d026¢r/ledy pt/AppB detects xIs/sd- 1103 0172572000
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TABLE B-6
SECOND EVENT FOURTH YEAR SEDIMENT SAMPLING DETECTIONS
(greater than 12 inches bgs), July 1998

East Soldier Creek W. Soldier
QE07-1203 QE10-1203 QW07-1203
1.0-2.0 feet bgs 3.0-4.0 feet bgs 2.0-2.5 feet bgs

PCBs & Pesticides - Method 8080A (ug/kg)
4,4’-DDD
4,4’-DDE
4,4’-DDT

Aldrin

Aroclor 1254
Endosulfan 11
gamma-Chlordane
Semivolatile Organic Compounds - Method 8270B (ug/kg)
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1-Chloronaphthalene 50
2-Chloronaphthalene
2-Methylnaphthalene

Acenaphthene

Acenaphthylene

Anthracene

Benzo(a)anthracene 160
Benzo(a)pyrene 60
Benzo(b)fluoranthene 180
Benzo(ghi)perylene 190
Benzo(k)fluoranthene 200
bis(2-Ethythexyl) phthalate 160
Chrysene 270
Dibenz(a,h)anthracene

Dibenzofuran

Di-n-butyl phthalate
Di-n-octyl phthalate

Fluoranthene 510 44
Fluorene

Indeno(1,2,3-cd)pyrene 160

Naphthalene 77

Phenanthrene 160

Phenol

Pyrene 380 70
Total Metals - Methods 6010B/7471A (mg/kg)

Aluminum 5420 3200 8980
Antimony

Arsenic 2.2 1.6 1.8
Barium 211 249 248
Beryllium 0.43 0.3 0.47
Cadmium 189

Calcium 2070 914 1780
Chromium 61.9 7.9 14

my_doc/tm_iv/2e4y. rpt/AppB_detects.xIs/SD-1203 01/25/2000 Page 15 of 16



TABLE B-6

SECOND EVENT FOURTH YEAR SEDIMENT SAMPLING DETECTIONS

(greater than 12 inches bgs), July 1998

East Soldier Creek W. Soldier
QE07-1203 QE10-1203 QwW07-1203
1.0-2.0 feet bgs 3.0-4.0 feet bgs 2.0-2.5 feet bgs
Cobalt 3.1 2 2.8
Copper 10.9 3.8 3.4
Iron 9830 5640 9710
Lead 12.2 4.3 5.7
Magnesium 1550 736 1030
Manganese 1970 93.7 131
Mercury 0.042
Molybdenum
Nickel 42 5 7.9
Potassium 816 509 864
Selenium 1.2 0.86 1.2
Silver 0.88
Sodium 168 102
Thallium 0.93
Vanadium 15 11.3 16.4
Zinc 30.6 9.4 13.7
Volatile Organic Compounds - Method 8260A (mg/kg)
2-Butanone (MEK)
Acetone 0.0072 0.03 0.016
Chlorobenzene 0.0027
Methylene chloride

my_doc/tm iv/2edy. rpt/AppB_detects. xis/SD-1203 01/25/2000
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